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STARLA™ 


Qilick to set up 
Easy to use 
Serious viewing 






80mm objective refracting telescope. 
Sets up in minutes and really easy to use. 
This is a great starter telescope yet has 
all the features to grow with your hobby. 













3° reflecting telescope. Ready to use 
in seconds and so easy. This is a great 
Starter telescope. 









Supplied complete with full size 
tripod and AZ mount, side finder 
scope and two eyepieces. 

















Supplied complete with table mount, 
side finder scope and two eyepieces. 














f=900mm d=80mm. 

Standard 1.25" eyepiece fitting. 
10mm (90x) and 25mm(36x) 
eyepieces included plus erecting 
90° diagonal for easy all-round 
viewing. 







f=300mm d=76mm, 
Standard 1.25" eyepiece fitting. 
4mm (75x) and 12.5mm(24x) 

eyepieces included. 
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TELES 


1000/114 reflecting 
telescope outfit 
VEL Cale WAC icelarelii miele 


4.5" mirror reflecting telescope with full 
astronomical equatorial mount takes 
just a short time to set up and use. 
Great for the beginner wishing to lea 
all the basics of astronomy. Accepts 
all standard astro accessories, so the 
Telesto is ready when you are to go 
further. Compact tube design so it 
packs away in less space. 














1400/1750 reflecting 
telescope outfit 
OUT OF THIS WORLD 


6" mirror reflecting telescope with 
full astronomical equatorial mount 
for those taking things a little more 
seriously. 



















































Supplied complete with full size 
tripod and EQ1 mount, side finder 
scope and two eyepieces. 


Supplied complete with full size 
tripod and EQ2 mount, side finder 
scope and two eyepieces. 

















f=1000mm d=114mm. Standard 
1.25° eyepiece fitting. 12mm (83x) 
| Rand 20mm (50x) eyepieces included. 


f=1400mm d=150mm. Standard 
1.25° eyepiece fitting. 10mm (140x) 
and 20mm(70x) eyepieces included. 






































Eyepieces from Filters And the rest.. 

4mm - 40mm range o>) @ Cases “ 

| yepieces fo increase 

Divide the focal length of your telescope by camera contrast Collimators 
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Spaceisbigandfullofboth tounderstand Einstein's universe and the new ~S yg = Ss 
strange and wonderful age of science that his theory of general relativity “Ay | a 
objects that have inspired and famous equation ushered in. 

generations ofscientistsand _ We'realso looking at the New Horizons mission > | 
science-fiction fans. There’s — asit approaches Pluto and ten of the most Crew roster 


nothing that quitecaptures daring and challenging space rescues in history, 
the imagination, though, including the close call that was Apollo 13 -a 
like ablackhole-anobject —_ mission that could have so easily ended in tragedy. 
that existed only in theory Finally, we're giving stargazers a guide to both 
up until recently and even what to see during the long hours of daylight and 
now can only be observed by the effect it has on where you Can go to indulge your hobby, in our 
its local area. What's cooler than black hole? A daytime astronomy and stargazing breaks articles, 
really big one, millions of times more massive starting on page 76. We hope you enjoy the issue. 
than our Sun that shoots beams of intensely high , : 
energy across the universe. On page 16, this issue's 
cover feature peers into the biggest galaxiesin 
space to explore the quasar powerhouses and the 
giant black holes at their core. 

If you're looking for an insight into some of the 
science behind a black hole, then our ‘Beginner's 
guide to spacetime’ feature provides a simple way 
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w It’s not our final 

* Bivegtome tian tel: 
| the lastimaijor hurdle 
in the Solar System 


| -onpage 26 





Gemma Lavender 
v @ Gemma 

was wholly 
sucked tn by our 
Supermassive 
Be ape -Jee), 


I hi i 
LOVETT Tea Lui 





Giles Sparrow 
> ) m Spacetime'ts 

| aminefieldof 

hard theory to 

navigate: Giles 

» Bae seeaer eS s-) 

, jobon page 54 





Laura Mears 


Mars does not have enough | 
atmosphere to be of any use in 
slowing a spacecraft down, but 
it’s just enough that you can't 
ignore it either” ce. 
Chris Carberry, CEO Explore Mars _ 
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A ‘fresh’ (in cosmic terms) 
crater on Mars, just over a 
kilometre wide 
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A beginner's 
guide to 
spacetime 
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into light speed and time travel 
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How we might scoop up fuel as we 
travel through space 
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Join NASA's New Horizons spacecraft 
as it approaches the dwarf planet 
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Comet 67P 


What have we learned about the 
Rosetta's famous comet? 


Explore 
Co-founder and CEO Chris Carberry 
tells us about sending humans to Mars 
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“The main goal is to get onto the 


surface of Mars, but we need at least 
one stepping stone along the way" 
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Co-founder and CEO of Explore Mars Inc answi 


Our experts solve your 
cosmic questions 
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STARGAZER 
Top tips and astronomy advice 
for stargazi ng beginners 


Da e 
astronomy 


Get around the shorter night-time with 
our day stargazing guide 


id j : 
Stargazing breaks 
We check out some of the best places in 
the world for astronomy holidays 


What's in the sky? 
Our guide to the best sights in this 
month's night skies 

Me and my 

telescope 
Stunning astrophotos and stargazing 
stories from All About Space readers 
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We put two Solar System imagers head- 
to-head, plus a crop of choice astro gear 
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UK bathes in 
auroral glow 


We might be moving away from the maximum 
of the 11-year solar cycle, but there has still been 
time for some superb auroral displays in both 
hemispheres. This particular shot was taken 
earlier this year by astronaut Terry Virts, on 
board the International Space Station. The UK 
and Ireland is partially obscured by cloud and 
broken up by bright city light, but the outline of 
Britain can be clearly made out. Solar activity has 
lit the skies above in a bright green aurora, which 
crowns the curvature of the Earth. 














This stellar object is GK Persei, a miniature 
version of a supernova known as a nova. This 
cosmic explosion occurred in 1901 and, for 

a short while, became one of the brightest 
objects in the sky (apart from the Sun and the 
Moon, of course). The white dwarf this nova 
originates from is 1,500 light years away, and 
the X-ray part of this composite e was 
taken by NASA's Chandra X-Ray Observatory. 
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Galaxy NGC 4183 is found 55 million light years 

away from Earth in the northern constellation 

Canes Venatici (the Hunting Dogs). It’s a little 

smaller than our Milky Way at 80,000 light 

years wide and, like our own galaxy, it appears ’ 

side-on in the sky. Because of this, we're able ' 
to make out the galactic disc but not its arms, 

although there is evidence of a bar structure 

running through it. 
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Engage! 


Christopher Kraft was flight director for all six of NASA's manned 
Project Mercury missions, which orbited Earth in the build-up to 

the Apollo programme. He's seen here at his console, adopting 

a commanding pose reminiscent of a certain seminal science- 

fiction television series. Kraft went on to become director of 

= NASA's Manned Spacecraft Center (now known as the Johnson 
Space Center), then took on a consulting role before retiring. He 

still lives in Houston today, at the ripe age of 91. 
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Laser in the sky, : : 
Vado melriesle)elers nee fe : 


The latest toy in the European Southern 

Observatory’s (ESO) arsenal is this rather : 
space-age looking device: the 4 Laser Guide 
Star Facility (4LGSF). It's a part of ESO's 
Very Large Telescope (VLT) at the Paranal 
Observatory in Chile and creates a guide 
star high up in Earth's atmosphere, allowing | | 
ESO's telescopes to more accurately focus . ‘ . 
their optics using this artificial beacon as a . 

reference. The photo was taken in April 2015 

and shows ‘first light’ for the yellow laser 

beam, emerging from Telescope 4 of the VLT. . 
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An artist's impression of a 
giant planet in the sky ofa 
habitable exomoon 


Alien moons favou red Over 
planets in hunt for life 


Large moons bigger than Mars could be the new place to look for organisms 


If you're searching for alien life, two 
scientists from McMaster University in 
Ontario, Canada think the best place 
to look might not be on planets, but on 
giant moons that could orbit them. 

Planet hunters have found a large 
number of gas giant planets, similar to 
Jupiter but in many cases even bigger, 
orbiting in the habitable zones of stars. 
The habitable zone is the distance from 
a star where the temperature is just 
right for liquid water on the surface of 
a planet. Gas giant planets don't have 
surfaces but their moons would have - 
like Endor in Return Of The Jedi. 

The research, by Dr René Heller and 
Professor Ralph Pudritz, describes what 
it takes for a moon to be habitable. 

“We could be just a few decades from 


122 


proving if life is elsewhere,” said Heller. 
"For all this time we have been looking 
on planets, when the answer could be 
on a moon. 

To hold on to an atmosphere the 
moon must be big, at least two or 
three times more massive than the 
planet Mars. In our Solar System 
Jupiter's moon Ganymede is larger 
than the planet Mercury, so planets 
bigger than Jupiter might have even 
bigger moons. Large moons would also 
retain heat inside, enough to keep their 


cores molten and create a protective 
magnetic field around the moon. 
Jupiter's and Saturn’s moons are 
water rich, although they are so far 
from the Sun that on the surface, 
the water is frozen. But the gas giant 
planets being found in habitable zones 
by the Kepler space observatory and 
other planet-hunting telescopes did 
not form in the habitable zone around 
their star. Instead they formed further 
out and migrated inwards soon after 
they formed. If you put Jupiter or 


Saturn where Earth is today, the ice 
on their moons would melt. So we can 
expect giant exomoons to have large 
oceans, possibly covering the surface. 
Life there would be aquatic, rather 
than land-based. 

Unfortunately, no 
one has yet found an 
exomoon around an b ir} 
extra-solar planet. ‘The 
technology to do that - F 
however will be possible 4 
in the near future. @ 


"For all this time we have been looking 
on planets, when the answer could be 
Olhd moon Dr René Heller, McMaster University, Canada 
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Solar sail spacecraft 
phones home 
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The Planetary Society's prototype solar sail spacecraft, 
LightSail, finally makes contact after cosmic-ray setback 


A prototype solar sail spacecraft that 
uses sunlight to directly push the craft 
through space has made contact after 
a long silence. LightSail was launched 
in May but got off to a rocky start 
when it stopped communicating with 
scientists back on Earth just two days 
after its launch. “Our LightSail called 
home!" exclaimed Bill Nye, CEO of the 
Planetary Society, after hearing from 
the revolutionary space mission. 
Before the solar sails could unfold, 
the spacecraft fell silent following a 
problem with the software loaded 
on to the spacecraft's computers that 
caused them to crash. Scientists in 
mission control tried to reboot the 
computers, but that didn't work. If a 
cosmic ray, which is a particle sent 
into space at nearly the speed of light 
by a distant supernova, happened 
to strike the computer, it could have 
reset it. This must have happened 
because a week later LightSail began 
communicating with scientists again, 
allowing them to command the 
spacecraft to open its solar sails at the 
beginning of June, after a software 


Ceres’ bright 
spot puzzle 
solved 


Now that NASA's Dawn spacecraft is 
in orbit around dwarf planet Ceres 
in the asteroid belt, it's sending back 
spectacular images of a cratered 
surface. But mysterious lights inside 
one crater posed a puzzle. 

They were first spotted earlier 
in the year when Dawn was still 
heading towards Ceres. “Dawn 
scientists can now conclude 
that the intense brightness of 
these spots is due to reflection 
of sunlight by highly reflective 
material on the surface, possibly 
ice," said the mission's principal 
investigator, Christopher Russell of 
the University of California. Other 
possible explanations include salty 
deposits or volcanoes. 
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LightSail uses the pressure 
of sunlight to push it 
through space 


patch was uploaded. 

“This has been a rollercoaster for us 
down here on Earth, all the while our 
capable little spacecraft has been on 
orbit going about its business.” 

The LightSail mission is important 





because one day solar sails could 
replace chemical rockets for driving 
spacecraft around the inner Solar 
System, making space travel much 
cheaper by using the free energy from 
the Sun. @ 


"All the while our capable little 
Spacecraft has been on orbit 
going about its business” 


Dr Bill Nye, CEO of the Planetary Society 
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_ NASA's Dawn 


is returning 


, Close-up images of Ceres’ surface > Pa —- 


The Dawn spacecraft has completed 
its work in its first mapping orbit, 
at an altitude of around 13,600 
kilometres (8,400 miles) and at the 
end of May it began spiralling down 
to its second mapping orbit, which is 
4400 kilometres (2/700 miles) high. 





i, 


Its cameras are showing that Ceres 
is a grey and cratered world, with 
one close-up picture revealing 
large craters surrounded by smaller 
craters, which formed when debris 
from the large craters fell back to 
the surface. @ 
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caught 

| a - 
another 

A spiral galaxy has been caught 
snacking on a smaller dwarf 
galaxy by Australian astronomers. 
NGC 1512 has been found to have 
a chemical signature that shows 


it has gobbled up many other 
galaxies in the past. 


Mysterious 
lunar swirls 


Bright, swirling marks on Earth's 
Moon located over magnetic 
anomalies beneath the surface, 
may have been produced by 
comets crashing into the Moon 
at some point over the last 100 
million years. 


Students 
conduct Mars 
colony food 
experiment 

A group of students is sending 
fungi and seeds on a balloon to 
near the boundary of space on 
27 June, to help understand what 
crops to grow on Mars. Quinola 
Mothergrain has helped fund it. 


Huge red giant 
flare seen 

A surprisingly huge flare 
emanating from the variable red 
giant star Mira has been seen by 
the Atacama Large Millimeter/ 
submillimeter Array (ALMA). The 
flare might be the result of activity 
on the surface of the star that will 


eventually blow off its outer layers 
to form a planetary nebula. 
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MAVEN orbiter furthers insight + > 


NASA sets into Mars’s atmosphere 






























NASA plans to head to 
Jupiter's moon, Europa 








The Red Planet has blue aurorae in its of its surface are still magnetised, 
4 7 tS skies, according to a new discovery mostly in the southern hemisphere, ‘ 
Sl at On by NASA's MAVEN (Mars Atmosphere and it is above these magnetic regions 
= 4 and Volatile EvolutioN) spacecraft, where the aurorae Occur. 
mission which is currently orbiting Mars. “Our planetary research gives 
e rl On Earth aurorae, which are us a good insight on physics in the 
to ‘Earth-like also known as the northern and Martian atmosphere - how it evolved, 
| southern lights, are generated when why Mars’s mass is different than 
Europa | charged particles in the solar wind Earth's,” said Guillaume Gronoff of 
| | interact with Earth's magnetic NASA's Langley Research Center. “It 
NASA aims to head back to Jupiter field, accelerating particles that helps us better understand planetary 
and its moon Europa with a brand- race down through the atmosphere atmosphere emissions, ultimately 
new mission. The aim is to seek out along magnetic field lines to above helping us discover habitable planets.” 
more about its ocean and whether the poles, where they collide with The first evidence for aurorae on 
the conditions there are habitable | oxygen and nitrogen atoms in the Mars was found by the European 
The mission, which would | atmosphere, causing them to glow. Space Agency's Mars Express 
launch in the 2020s, would join the Oxygen produces red and green Slececlia WAGecM@ ches iiirty 
European JUICE JUpiter ICy moons colours, and nitrogen blue. colour is blue while on Earth, aurorae 
Explorer) mission at the pare planet, Mars does not have a global tend to look mostly red or green, Blue aurorae have been 
and follow up on NASA‘ Galileo magnetic field any longer, but patches although blue is sometimes seen. @ witnessed on Mars 


spacecraft that ended its mission 
around Jupiter in 2003. Nine 


instruments have been selected 
ogo pae hl onomers discover rare an 


characterise Europa’s ocean, map 


the surface, look for lakes embedded 
in the icy crust and for vents or pm stellar pairing 
geysers spraying water vapour into 
space, This vapour is especially M a8 sive C annib ql “We were excited to see this “There are very few examples in 
important as it could give a preview , : disc-like structure because it may the galaxy of this process because this 
of the conditions that lie below. St ar dubbed be evidence for a Wolf-Rayet star phase is short-lived, perhaps lasting 

“This is a giant step in our pany | | forming from a binary interaction,” only a hundred thousand years,” 
search for oases that could support Nasty | feeds off said Jon Mauerhan of the University of added Mauerhan. 
life in our own celestial backyard,” . California. This is a new theory, which Karma is expected to catch up 
said Curt Niebur, who is NASA‘s Its partner suggests that instead of just a strong with Nasty 1, however, in the form of 
chief Europa scientist. “We're An exotic type of massive star wind, a companion star is tearing off a suitably unpleasant end, with the 
confident that this versatile set of nicknamed ‘Nasty I’ may turn out to the Wolf-Rayet's outer layers, forming star eventually blowing up in a huge 
science instruments will produce be two stars, where one of the stars is the disc, which it then feasts on. supernova explosion, @ 
exciting discoveries on a much- nastily feasting on the other. 
anticipated mission.” The main bright star in the 

Europa is thought to be the Nasty 1 system is a Wolf-Rayet star, 
best place to look for alien life which is an evolved type of massive 
in the Solar System. Several star that has shed its outer layers of 
kilometres below its icy crust is hydrogen to expose its helium and 
an underground ocean filled with carbon-rich interior. 
salty water, above a rocky sea floor It had been understood that Wolf- 
and maybe the right chemistry for Rayet stars drive off their outer layers 
life. Future missions would try to thanks to a strong wind of radiation, 
burrow down through the ice into which would produce twin lobes of 
the ocean to explore it, although material emanating from the star. 
the upcoming Europa mission will However, when astronomers looked 
not have a lander. Instead scientists closely at Nasty 1, which is 3,000 light 
need to understand more about years away, they found it had a disc 
Europa, for the most scientifically of gas, 3.2 trillion kilometres (2 trillion 
interesting place to land. @ miles) wide, circling it instead. 


An artist's illustration of the 
disc around the exotic star 
called Nasty 1 
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Very high quality monoculars, 
high grade prisms, multicoated 
lenses and full waterproofing. « 
Includes case, mini tripod. 


M-10 |0x50........£50.00 
M-12 |2x50.......£55.00 
M-15 |15x50........£60.00 
M-20 20x50........£65.00 
M -Z |0-30x50 som £75.00 


M735 VWPC Built in compass.......... £80.00 
Visionary 


Very high quality optics at a great price. 
Traditional styled binoculars featuring 
BAK4 prisms, fully coated lenses, 

Long eye relief, rubber armour body. 


Visionary 
8x42 binoculars 
Our top selling birdwatching binocular. 


We also stock the full range of Visionary Wetland 
8x25, 10x25, 8x32, 10x32, 12x32, 8x42, 10x42, 12x42 


Visionary 
8x42 binoculars 
Tough, rugged, a fabulous binocular. 


10x42 model £159.99 
Visionar 
EmeralD 8x42 binoculars 


Top level performance, ED and Ve ~ : 













naturephase’™ coating. 





HD 8x42...... HD 20x80. 
HD 8x56...... HD 20x80T. 
10x42 model £289.99 HD 7x50...... 
Fieldtracker Graphite 8x42 £109.99 HD 10x50... 
HD |2~60.... 


Fieldtracker Graphite |0x42 £119.99 


OLIVON SPOTTING SCOPES 


HD |5x70.... 
















Olivon T-60 (60mm, water resistant) with 20-60 zoom eyepiece ccc cceesees eee £129 
Olivon T-800 (80mm, waterproof) Body only..... lee eee 
Olivon T-800 (80mm, waterproof) with 20-60 HR z zoom eyepiece... we KF 
Olivon T-900 (90mm, waterproof) Body only..... ae! cee s 


Olivon T-900 (90mm, waterproof) with 20-60x HR zoom eyepiece... Ce ea 











Olivon T-800ED  — (80mm, waterproof) Body onnby..c.cccccccssccsssesscssessenssseesesesssseeessesasssssaeeeeneee wumb.699 
Olivon T-800ED = (80mm, waterproof) with 20-60x HR zoom eyepiece.....c.cesccssseoeecseeenenn £799 
Olivon T-800ED = (80mm, waterproof) with 20-60x SHR zoom eyepiece eeiiane aT 
Olivon T-900ED (90mm, waterproof) Body onlly..... bate Sa oD Lear aernent eee SS Olivon DCA84 /; Olivon UDCHC 
Olivon T-900ED (90mm, waterproof) with 20-60x HR zoom eyepiece...........0ccccsceccecccnsenesoees £899 Attaches your SLR . Attaches almost any 
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THE POWER OF 
SUPERMASSIVE 











Intense, insatiable and found at the centre of 
galaxies, All About Space takes a look at the 
engines that give these cores a high-energy boost 


Written by Gemma Lavender 
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The power of supermassive black holes . 
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The power of supermassive black holes 


The supermassive black hole is a formidable beast. 
Tipping the scales with a mass millions of times 
more than our Sun, this object wields incredibly 
strong gravity that's often the subject of fear in the 
workings of science fiction. It is the ultimate dine! 

of the universe, concentrating only on satisfying 

its insatiable appetite and chomping down on any 
piece of space dust, gas or even stars, planets and 
asteroids that stray too close to its unworldly grasp. 
To be clever at catching its cosmic prey though, 

the supermassive black hole is akin to a spider 
positioning itself at the centre of its web. In this case 
the web is its galaxy around it and the black hole sits 
prestigiously in the centre, the perfect place to lie in 
wait for its next meal, From here it uses the universe 
as its home delivery service, where cosmic bites are 
brought straight to its edge. Millions of years can go 


by until it gets to chow down again but when it does, 


everything in the vicinity gets to know about it. 
Bursts of brightness flash into existence and 
belches of speeding material shoot from these 


structures anytime the black hole gobbles up a snack. 


The bigger the meal, the longer these super-exotic 
objects keep their host galaxy awake, for thousands 
and thousands of years on end. To be accurate, it is 
not the black hole itself that is lighting up with every 
meal - not even light can escape a black hole’s pull 
but instead the environment immediately around the 
black hole, where the black hole's food gathers and 
heats up, waiting to either be swallowed into oblivion 
or blasted straight back out into space again. 

Those supermassive black holes that are found 
feeding hungrily on their surroundings are the 
workhorses of what scientists describe as active 
galaxies; the black holes being the central engines 
that are so energetic they often shine bright enough 
to be regarded among the most luminous objects 
in the known universe. As a black hole siphons 
matter from nearby stars it uses its loot for the 
building blocks of a swirling disc of gas, known 
as an accretion disc, that encircles the black hole 
and is heated to amazingly hot temperatures of 
millions of degrees Celsius. Unable to keep a lid on 
its excitement, radiation spills from the black hole’s 


“Wee not sure why only some black 
hole systems produce powerful jets but 
were placing our bets on the spin" 


he engine of a powerful g 


it an active galaxy reveals a cosmic high-energy motor 
; 


Vicinity in the form of powerful jets that extend great 
distances into space. 

“Between five and ten per cent of active galaxies 
produce a pair of powerful, oppositely directed 
jets containing high-energy charged particles and 
magnetic fields,” says Alan Marscher, who is currently 
based at the Institute for Astrophysical Research in 
Boston, USA. “We're not sure why only some black 
hole systems produce powerful jets but we're placing 
our bets on the spin of the black hole being an 
important determinant - high spins might twist up 
the magnetic field around the black hole so that the 
field acts like a coiled wire that creates a spring-like 
outward force on charge particles.” 

Marscher adds that when an active galaxy does spit 
out a stream of high-energy particles, a wide scope 
of energies across the electromagnetic spectrum are 
covered with particles being thrown out to smash 
their way through space in a variety of ways, more 
specifically in the flavours of radio, microwave, 
infrared, visible, ultraviolet, X-ray and gamma rays. 


That's not to say that the lower energy counterparts 


of active galaxies are afraid to pipe up in some 
wavelengths though. “In active galaxies without jets, 
the main radiation is across visible, ultraviolet and 
X-ray wavelengths, mostly from the disc of hot gas 
that is falling towards the black hole,” says Marscher. 
Despite radiating across the spectrum in all forms 
of light, active galaxies can be split into two camps 
displaying differing degrees of intensity according 


| Bia 


Powertul jets are blasted 
out from the accretion 


—!___ @ Dust doughnut 
A torus of dust that 
surrounds the black 
hole and its accretion 
disc, and glows in 
Tlielen ale 


disc around the black 
hole, and these jets 
radiate in everything 
from X-rays to radio 
waves, moving at nearly 
the speed of light. 


Loe 


Cold gas disc @ 
When eas first falls 
onto a supermassive 
black hole, it is still cold 
until it reaches near the 
centre of the disc. 
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One of the-closest 
active galaxies to 

+ Earth at a distance of 
around 13 million light 
years,CentaurusA «. 
ejects a powerful jet 


Hot gas disc ® 


At the heart of 

the accretion disc, 
immediately around 
the black hole, the 
gas is millions of 
degrees hot and 
radiates in X-rays. 








® Warm gas disc 
In the middle of the 
accretion disc, gas piles 
up as the disc becomes 
warmer and wrapped 
up tight by twisted 
magnetic fields. 
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The power of supermassive black holes 


Supermassive black hole @ 
The power station of an active 
galaxy, a supermassive black 
hole can be millions of times 

more massive than the Sun. 


* 


eMUiiem | 
As well as jets, the 
accretion disc is hot 
enough to drive a hot wind 
of particles, like a super- 
version of the solar wind. 
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thy’ 3C 273 ee 
Earth's nearest quasar oe : ae: 
One of our nearest quasars lies around 2.5 billion light _» : Pia 
years away and can be seen with an amateur telescope << ps 





Virgo 


@ Saturn 





3 : to their radio wavelength emission. These two 
Sources of extreme camps are radio-loud and radio-quiet. The galaxies 
=~” = —- that belong to the radio-loud group sport two very 
enersy in space According tothe Fermi —_ high-power streamers either side of the galaxy’s disc, 


= sree pio cari produced by the jets, which eventually inflate into 
elescope, blazars make RE OE ane ace ee eae Conga 
Supernova remnants cerca talicliti a pair of lobes that emit strongly in radio waves, as 


; = objects in our galaxy well as other radiation like X-rays. The Centaurus A 
Active galaxies | a os and Perseus A galaxies are two famous examples 
that aren't blazars 


of radio-loud galaxies. The Milky Way galaxy has 
Globular clusters, high- something similar, but on a much smaller scale and 
mass stellar binaries, lower power. The Milky Way's lobes were not actually 
normal galaxies and other spotted through radio waves, but by a faint stream 
of gamma rays and X-rays seen by the NASA-owned 
Fermi Space Telescope. The cause of these lobes, or 
bubbles as they have come to be known, isn't certain 
but it's thought that the Milky Way was much more 
active in the past. Scientists think that millions of 
years ago, an intergalactic gas cloud weighing in at 


Pulsars 


was devoured by the mega black hole, which we 

call Sagittarius A* (A-star), at the galaxy’s heart. It 
responded by blowing gigantic bubbles and jets of 
radiation extending 27,000 light years above and 
below the plane of the galactic disc. Today, our 
galaxy is incredibly mellow in comparison to its 
previous wild ways, which brings us onto the second 
group of galaxies: those that are radio-quiet. These 
are still active galaxies, but they aren't too bothered 
about kicking up a fuss in radio waves. Any jets that 
these comparatively laid-back active galaxies possess 


are both quite small and are almost a half-hearted 
Unknown attempt at their power. 


Whether a galaxy is loud or quiet helps, in part, 
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Our galaxy has great lobes spewing 
from the top and bottom of its disc. 
Discovered by the Fermi Gamma- 
ray Space Telescope, it's thought 
that this feature could point toa 
much more active past 


to identify these active galaxies even further. We've 
all heard the saying, or have been asked, to look at 
things from a different perspective. Astronomers take 
this literally when it comes to these bright, long-lived 
objects and seemingly, the angle that these energetic 
objects point at the Earth holds some relevance. 
“Precisely what is observed is very dependent on the 
viewing angle,” explains Joanna Holt from Leiden 
University in the Netherlands. “If you look down 

[the centre of an active galaxy], you'll see more 
ultraviolet light and you will see emissions from 
what are known as the narrow and broad-line regions 
[narrow and broad wavelength bands across the 
electromagnetic spectrum]. If you look at an active 
galaxy edge-on, you will not see the broad-line region 
at all and the ultraviolet light you observe will not be 
directly from the galaxy’s accretion disc, but the light 
that is scattered from particles outside a torus of dust 
that surrounds the accretion disc.” 

The model that Holt describes is called the unified 
model of active galactic nuclei. “The model consists 
of a central supermassive black hole, surrounded by 
an accretion disc that is then surrounded by a thick 
torus of obscuring material, shaped something like 
a doughnut,” Holt explains. “All of this is embedded 


“Quasars are bright and so they are much 





in a dense medium of clouds. The clouds that stray 
too close to the black hole, within the hole of the 
torus, are referred to as the broad-line region (BLR) 
and those that decide to hang back from the exotic 
object's appetite and rest outside the torus are 
dubbed the narrow-line region (NLR). 

It was American astronomer Carl Seyfert who 
realised in 195] that several objects that he was 
observing around a lenticular galaxy (a cross 
between a spiral and elliptical galaxy) known as 
NGC 6027, seemed odd. Compared to other galactic 
structures he had seen, these objects had very 
bright star-like appearances. What's more, Seyfert 
reported that these objects seemed to have broader 
fingerprints - or emission lines - in their light 
spectrum. The astronomer thought that the latter 
piece of information was strange - all objects that 
he'd studied previously had shown a spectrum that 
didn't look too different to those made by stars. He'd 
found the active galaxies that we call Seyfert galaxies 
today and it was the first class of these highly 
energetic structures that had been found. As time has 
progressed, astronomers have also been able to break 
Seyfert galaxies into two groups - the Seyfert 1 and 
Seyfert 2 galaxies, which are distinguished by the 


easier to detect at great distances in the 
universe than normal galaxies” 


Joanna Holt, Leiden University 
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angle that these galaxy types are viewed. These two 
are also known as radio galaxies. 

“If you look directly into the centre of an active 
galaxy you will see a Type | Seyfert galaxy,” explains 
Holt. Since this type of galaxy has low optical 
luminosity, preferring to reveal themselves in the 
infrared, ultraviolet and X-ray bands, Seyferts belong 
to the radio-quiet family. Holt continues: “If the torus 
obscures the accretion disc, you will see a Type 2 
Seyfert.” As a result, any light that is thrown out from 
the so-called broad-line region is scattered by a halo 
of hot gas that surrounds the 
Seyfert's centre, allowing 
astronomers to grab an 
indirect view of what's 
Pong on. 

However, it’s 
when an active 
galaxy is angled in 





a substantial way to 
its observer, when 
things truly start 
to get interesting. 
“If we are looking 
within a few tens 





© : 
Radio galaxy 
Angle to observer: 
O-90 degrees 
These active galaxies provide jets that 


produce radio-emitting lobes of high- 
energy particles. 


_ 


Angle to observer: 


less than 10 degrees 
These active galaxies point their jets 
directly at their observer, spitting 
out their high-energy jets that move 
extremely close to the speed of light. 


- 


Pa 


of degrees of the jet axis, we see more radiation that 
is beamed by the jets because they are travelling at 
a speed very close to that of light,” says Marschet 
“This causes the radiation to be beamed like a 


halogen flashlight in the direction of the jet outflow. 


He is of course, referring to the radio-loud quasars, 
distant dazzlers with centres that are around 1,000 
times brighter than all of the host galaxy’s stars put 
together. “Quasars are bright and so they are much 
easier to detect at great distances in the universe 
than normal galaxies,” Holt adds. “They are rare but 
their numbers increase as you come across the less 


f 
Lo fe ¢ 


luminous type of active galaxy. Their numbers also 


increase when you look back to around 3 billion years 
after the Big Bang.” 

The quasar might be an attention-grabber but 
when it comes to overly intense galaxies, the blazar 
that's because when they're 
watched, the observer is in the line of fire. “In a 
blazar, the jet is pointing within several degrees of 


takes the crown 


our line of sight, so the beaming is extreme,” says 
Marscher. “Also, the jet is flowing towards us at up 
to 99.9 per cent of the speed of light, that means 
that events that occur in the jet are sped up and 


‘In a blazar, the jet is pointing within 
several degrees of our line of sight, so 
the beaming is extreme” 
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Quasar’ 


Os OKe(Surces 


One of the most energetic types of active 


galaxy, they are 


seen across the universe. 


take much less time to occur from our point of 
view.” Furthermore, he says, the brightness we see 

is coming from within around ten light years of a 
black hole and noticeably changes on a time-scale as 
short as a matter of minutes. “We also see a bright 


a 
microwave-emitting ‘blob’ moving at speeds that 
appear - just an illusion - to be faster than light. 

Being the bearer of these exotic objects, active 


galaxies don't get off scot-free from the effects of 
the monstrous black holes within them. The intense 
radiation pouring out from them can heat the star- 
forming hydrogen gas in the galaxy, causing it to 
become too hot to form stars. If the galaxy is active 
enough, it can even blow this gas away, ejecting it 
from the galaxy. When this happens, star forming 
comes to an end in the galaxy and, over time, it 
becomes what astronomers Call ‘red and dead’. So 
quasars and blazars may shine the brightest over a 
short time, but in the long run they're doomed to die 
from the inside out. @ 
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so bright they can be 


Quasars ultimately block 
star-forming in their galaxies 
completely, turning them ‘red 
and dead’ 
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Travelling between stars takes a lot of 

energy, but we might be able to pick 

some up on the way through space eee 
reactor which would fuse 


hydrogen into helium, 
releasing a tremendous 












amount of heat energy. 
| = = 
ay ‘ 
| i 
| J 
Exhaust © | 
| The ramjet produces forward dl | 
| thrust by directing the ions / 
elceleltia re Micetmittyeumellime)i . 
the exhaust at a high velocity. 4 
j A “ # 
J“ Pl * 
“ 
Fission-less © 
Current nuclear 
technology uses fission, ah 
where heavy atoms, 
like uranium, are split to 
release energy. But this 
does leave behind long- 
lived waste. 
Fuel tanks 
i The spacecraft needs to 
Nuclear fusion — be able to run the reactor 
The ramjet uses to power its systems, 
nuclear fusion, this including the scoop, from 
releases energy by a standstill. It would 
combining light atoms probably use deuterium, 
into heavier ones. It an easier fuel to fuse. 
is cleaner and more 
powerful, but more 
difficult to achieve. 








© Thermal and radiation shield 
Fusion does not produce the same 
radioactive waste as fission, but 
when running on hydrogen the 
crew would need protection from 
neutrons and the exhaust heat. 





Magnetic scoop 

The ramjet needs a magnetic 
scoop because the hydrogen 
atoms are so spread out. The 
scoop has to be many kilometres 
across to collect sufficient fuel. 


© Interstellar space 
Though we think of 
space as empty there 
is quite a lot of gas and 
dust between the stars. 


“A huge funnel-shaped magnetic 
field should be able to collect the 
free hydrogen molecules and duct 
them back to the spaceship” 











ur Last 


Pluto has long interested astronomers but it has 
never been explored by space probes... until now 


Written by David Crookes 
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Pluto: our last frontier 


It has been on a breathtaking journey 4.8 billion 
kilometres (3 billion miles) long. It has taken nine- 
and-a-half years. And it has cost $700 million (£460 
million). But for patient astronomers working on the 
New Horizons mission, the spacecraft which is about 
to make the first-ever reconnaissance of Pluto is more 
than worth its half-ton weight in gold. 

Launched on 19 January 2006, New Horizons is 
set to spend this summer flying by Pluto and its five 
known moons. It is already the closest man-made 
object to Pluto, but very soon it will be within a space 
whisker and scientists are very excited about the 
possible discoveries it will enable them to make. 

“Imagine the explorers of old who crossed the 
oceans,” says Dr Alan Stern, the principal investigator 
of the New Horizons mission. “They will have had 
some of the same feelings we are having after their 
long journeys. I just tell people, if you are anything 
like me then you will fasten your seat belt because | 
expect that you will be in for one heck of a ride.” 

Pluto's history has already been on something of a 
rollercoaster. Hypothesised by US astronomer Percival 
Lowell in the early 1900s, it was finally discovered by 
Clyde W Tombaugh on 18 February 1930. A month 
later, this object believed to be the ninth planet was 
officially named, but it was stripped of its planetary 
status by astronomers in 2006. 


Today Pluto is classified as a ‘dwarf planet’ since its 
highly elliptical orbit overlaps with that of Neptune. 
But that matters little to Dr Stern and his team at the 
Southwest Research Institute, which was granted 
the mission by NASA following an open competition 
in ZOOL. For, regardless of its status, Dr Stern views 
New Horizons as a giant leap forward. “At one point 
we even considered naming the mission One Giant 
Leap,” he reveals. And he firmly believes the wait will 
be worth it: “Space missions are usually over in less 
than nine years but ours is only just beginning.” 

To get ready for the mission, Dr Stern and his team 
had to work fast. As soon as they were chosen to 
head the mission, they knew they needed a Jupiter 
gravity assist if they were to get to Pluto within nine- 
and-a-half years. “But that meant getting this built 
and launched in four years and two months because 
the Jupiter gravity assist that we used to go to Pluto 
was the last one for a decade,” he says. It represented 
a record: Cassini-Huygens, which was sent to Saturn, 
took a decade to be built, as did Galileo, which 
studied Jupiter. In order to achieve it, the team 
worked nights and weekends for four years straight. 

The results have been impressive, though, Five 
times less expensive than Voyager, New Horizons 
has not relied on the invention of new spacecraft 


on board. “We put all of our technology into better 
cameras, better spectrometers, more capability to 
return data,” says Dr Stern. In February 2007 as New 
Horizons swung past Jupiter for a gravity boost, 
the team was able to test the spacecraft systems 
and instruments on a practice flyby. More than 100 
scientific papers using data from the Jupiter flyby 
were published and it also made the cover of Science 
magazine. When asked what he expects to find on 
Pluto, though, Dr Stern laughs: “If I knew, I wouldn't 
have to do the mission.” 

New Horizons came out of hibernation for the 
last time on 6 December 2014 as it made its final 


technology but it has a good set of seven instruments 


‘T just tell people, if you are anything like 
me then you will fasten your seat belt 
because I expect that you will be in for 





one heck of a ride” 


Dr Alan Stern, New Horizons principal investigator 
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Created by astrophysicist Alex Parker using 60 unique images to represent Pluto 
from the internet, the chart below estimates typical colours for the dwarf planet 
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Passengers to Pluto 
NASA has sent slices of humanity - as well as Pluto's discoverer - into space 









Photos 
A CD-ROM containing Maryland Oras 
images of the people New Horizons was 
| who have worked ork built in the US state People’s names 
New Horizons has been of Marylandandsoa = Mounted on the exterior 
added to give the mission commemorative quarter of the News aorizaske 
ee Oe with a design depicting spacecraft is a CD-ROM 


the area on its reverse has 
also been included. 


containing 434,738 
names, maintaining a 
long-standing tradition 
to fly a full list of active 
Planetary Society 

_ members into space. 














Commemorative coin 
A Florida state quarter - a 
commemorative coin 






released by the United 

States Mint between 1999 ~ a 
and 2008 - pays homage e, 2004 
to the spacecraft's Cape a 









Canaveral Air Force Station 
launch site. 





Two flags 

Since New Horizons has 
been put together by NASA, 
it was deemed fitting to 
place two versions of the US 
flag on board. 


SpaceShipOne 
On the lower inside 
deck of New Horizons 


Collectible stamp 


) is a small piece cut NASA has been 
Founder's ashes from SpaceShipOne, recognised by America’s 
Clyde Tombaugh, who a suborbital air- Citizen's Stamp Advisory 
discovered Pluto, is going launched spaceplane | Committee on more than 
along for the ride - or that completed the 36 stamps since 1967. 


One, in 1991, carried 
the words ‘Pluto: Not 
Yet Explored’, and is on 
board New Horizons. 


first manned private 
spaceflight in 2004. 


at least a portion of his 
ashes are. They are 
stored underneath the 
spacecraft in a container. 
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other speedy spaceships? 





Space Shuttle 
28,000km/h (17,500mph) 


The Space Shuttle must reach these speeds 
in order to remain in orbit between 306km 


(190mi) and 531km (330mi) above sea 
level. It carries two solid rocket boosters. 


approach. Since then it has observed Pluto for an 
entire 6.4 Earth-day rotation, watching it wobble 
slightly thanks to the gravity of its largest moon, 
Charon. It has also revealed a large bright area at 

the pole of Pluto. The science team cannot know for 
certain what it is until the composition is tested but 

it suggests the presence of a polar cap. With broad 
dark and bright regions across the icy world, even at 
a distance of 113 million kilometres (70 million miles), 
it Was Viewed as a Major discovery. 

“Pluto showed dramatic markings, telling us that 
it is a special place; that is different from most of the 
others especially because only the Earth has had 
anything similar,” says Dr Stern. When the spacecraft 
gets closer, things will become even clearer. That's 
when discoveries will be made at a rate of knots 
with astronomers keen to find out if there are other 
possible moons and even whether there are rings 
around Pluto, 

"If we did see rings then what we could conclude 
would depend on what we found, the number and 
locations and densities of them, but it would be 
exciting,” says Dr Stern. “The possibilities are many." 
Indeed, there are many mysteries waiting to be found 
and explained: the surface composition is said to 
include nitrogen, carbon monoxide, methane and 


30 


Fastest missions 


How does New Horizons compare to 








Juno © 


257,500km/h (160,000mph) 

Juno's mission to Jupiter passed around 
Earth, giving it an acceleration boost 
akin to the propulsion of a second rocket 


launch. On arrival at Jupiter in 2016, ‘ 
gravity will increase speeds further. ad 
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~ New Horizons : : 
58,536km/h (36,373mph) ° 
New Horizons is the fastest af : 

“ spacecraft ever launched. 1. 
The initial propulsion gave ie ‘ 

it enough speed to carry it pitt 
to Pluto, assisted byaboost — 
from Jupiter's gravity. ‘ ' 


water ices, for instance, but many other materials 
may be present and undiscovered 

There is even a possibility, no matter how small, 
of life. Pluto is two-thirds rock and one-third water in 
the form of water ice. It has more than three times as 
much water as all of the Earth's oceans. If either have 
an ocean, meaning the water would be warm enough 
to be liquid, there could theoretically be life on Pluto 
or Charon. If that was the case they would, like 
Saturn's moon Enceladus and Jupiter's moon Europa, 
go on the list of potential astrobiological targets. 

What is just as fascinating is that, during the five 
months it will spend observing Pluto close-up, the 
dwarf planet will barely have moved. Pluto only 
orbits the Sun once every 248 Earth years but it's 
not the only focus of New Horizons’ mission. Its 
secondary objective is to make the first exploration 
of the small bodies in the disc-shaped Kuiper belt 
region, which Dr Stern says “turns out to be the 
largest class of planet in the Solar System." 

The Kuiper belt contains bodies of mainly ice and 
rock. But there are potentially trillions of Kuiper belt 
objects, hundreds of thousands of them believed to 
be larger than 100 kilometres (62 miles) in size, plus 
many, Many more as small as one kilometre (0.62 
miles). Eris is one of the icy worlds and several of 


the dwart planets have tiny moons. “There are more 
known Kuiper belt planets than there are gas giants 

and terrestrial planets combined," says Dr Stern. “So 

this is a very important new and unexplored class of 
targets in the Solar System.” 


Pluto remains the primary focus, though. As 
New Horizons approaches, the spacecraft's dust 
and charged particle instruments have been taking 
measurements. Operating every day and sending 
home data every week, they have been telling 


scientists about Pluto's wider environment. When 
scientists get close-up data, they will be able to 


interpret It in context. 


“It has confirmed models of the expected dust 
density but that was no surprise,” says Dr Stern. “It 
has amplified on the kind of information that the 
Voyager spacecraft obtained when it went through 
the Kuiper belt. The instrumentation that we are 
Carrying to study the solar wind and other charged 
particles is vastly more sensitive, so we can see 
many more details. Even this far from the Sun, 
the spacecraft is crossing interplanetary shocks, 
supersonic shocks in the solar wind, which Pluto 


also crosses 


and so do the other Kuiper belt objects. 


So we are just characterising the spdCe weather 


environment out there.” 
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Is Pluto still a planet? 





























YES 


Dr William B McKinnon, professor at the 
Department of Earth and Planetary Sciences 
and McDonnell Center for the Space Sciences, 
Washington University in St Louis 


“Pluto is a planet. But it is a small, or dwarf, planet. It is the 
exemplar of an entirely new class of planets, the other classes 
being the rocky terrestrial planets and the gas 
giants. All of the dwarf planets we know 
of so far are made of ice and rock, and 
most reside in the Kuiper belt, beyond 
Neptune. But the idea that dwarf 
planets are not planets is linguistically 
sloppy and a bit silly. Planetary 
scientists study bodies, not just 
masses and orbits, and a world with 
five moons, an atmosphere and 
hints of a complex history, is 
planet enough for most of us.’ 












Definition of a 


Pluto: our last frontier 


Leading experts give their views on the controversial decision to downgrade Pluto to a dwarf planet in 2006 





Dr Hal Levison, planetary scientist 


specialising in planetary dynamics at the 

Space Studies Department of the Southwest 

Research Institute 
“Scientists typically classify objects into groups based on natural 
boundaries. [When looking at] the size and orbits of objects in 
the Solar System, it's clear the largest eight objects 
stand apart and deserve the name ‘planets. When 
Pluto was discovered, it was thought larger than 
Earth and isolated, hence a planet. Now that we 
understand that Pluto is small and simply 
part of the Kuiper belt. Many Pluto-sized and 
smaller objects exist there, and so there is no 
natural dividing line between. If a line 
is artificially drawn to make Pluto 
a planet, there will always be two 
objects of almost the same size 
and appearance, but one will be 
a planet and the other wont.” 
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Pluto: our last frontier 


It will also be a good opportunity to find out 
more about the aspects of Pluto astronomers are 
certain about. It is understood Pluto has low surface 
gravity, an estimated temperature of -233 degrees 
Celsius (-387 degrees Fahrenheit) and its atmospheric 
pressure is 100,000 times less than Earth's. “We 
know for a fact that Pluto's surface markings have 
moved and changed since the Nineties and we know 
for a fact that Pluto's atmospheric pressure has more 
than doubled since the Eighties, so we know that 
Pluto is dynamic; it's changing,” says Dr Stern. 

But Pluto's moons represent more of an unknown. 
When New Horizons was being planned, Charon was 
Pluto's only known moon. But, months before the 
mission launched, the Hubble Space Telescope (HST) 
suggested Pluto had two extra moons: Nix and Hydra. 
There were more to come too. In July 2011, HST 
found a fourth moon and, a year later, a fifth. They 
were called Kerberos and Styx. 

“There is still circumstantial evidence that there 
could be surface activity on the big moon, Charon. 
We see that because we have detected crystal and 
water ice there - and crystal and ice can’t survive 
for a very long period in space,” says Dr Stern. “The 
radiation in space changes the crystal structure so 
the fact that we see hexagonal crystals tells us that 
ice must be young. We also see, compositionally, a 
material on the surface of Charon called ammonia 
hydrate, which often is the result of cryovolcanism, 

a cold form of volcanism. Those are two hints that 
Charon may be active." 

The discovery of the extra four moons changed 
the mission in two significant ways. Not only was 
the team able to schedule observations of them into 
the mission - “if we hadn't known about them we 
couldn't have done that” - they had to rethink the 
logistics of the flyby. “We realised these four satellites 
could present hazards, not because we are going to 
hit one but when there are craters, the shrapnel that 
comes out of the hole can get into orbit around Pluto 
and be a danger,” says Dr Stern. “So we put in place 
a seven-week search for hazards that New Horizons 
initiated in May, lasting all the way down until we are 
almost at Pluto. It will be searching to find out if the 
path that we plan to fly is safe or not. If it is not then 
we will fire the engines and move the spacecraft 
trajectory to a safer place.” 

A 93-second thruster burst has already adjusted 
the trajectory of New Horizons. It slowed the velocity 
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The Pluto system, as shot by the 
Hubble Space Telescope in 2006 

















Pluto: the missing pieces 
There are many things we don't know about Pluto. We 
asked leading scientists what they hoped to learn 
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How Pluto fits in 

Dr Harold Weaver, New Horizons project 
scientist, The Johns Hopkins University 
Applied Physics Laboratory 

“| want to transform Pluto from a pixellated 
blob into a world with complexity and diversity. 
What does Pluto's landscape really look like? 
Are there high mountains and deep valleys? 
Are there cryovolcanic vents hinting at interior 
activity? And how do Pluto and its moons 
compare to other bodies in the Solar System?” 


= Pluto's actual size 
Dr Marc Buie, astronomer, Southwest 
Research Institute 
“The simplest thing | want to learn is the 
actual size of Pluto. However, | also really 
want to see how geologic and surface 
processes on Pluto relate to the known 
albedo patterns. Are they connected or 
are they independent?” 


The atmospheric make-up 
Dr Randy Gladstone, institute scientist, Southwest Research Institute 
“I'm interested in how atmospheres work and what they are made of, so 
learning that (at long last) for Pluto is what I'm most looking forward to this 
summer. Pluto's atmosphere is likely very extended and rapidly escaping 
(because Pluto is small), with a lot of the same molecules found in Titan's 
atmosphere, but | still expect to be surprised.” 
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The surface composition 
Dr Cathy Olkin, principal scientist, Department of 
Space Studies at the Southwest Research Institute 

“| am interested in what the surface of Pluto is made of. 

| have spent years studying Pluto through telescopes 
looking at the signatures of surface materials (mostly ices of 
different types: methane, nitrogen and carbon monoxide) 
on Pluto's surface. The close-up investigation of Pluto by 
New Horizons will allow us to map the surface composition 
of Pluto and that is something that | am very excited about.” 





The solar wind 
interaction 

Prof Fran Bagenal, professor of 
astrophysical and planetary sciences at 
the University of Colorado, Boulder 

“How does Pluto's escaping atmosphere interact 
with the atmosphere escaping from the Sun - 
the solar wind? We expect to measure where 
the ionised component of Pluto's atmosphere 
holds off the solar wind and this will tell us how 
much material is escaping. Current estimates 
are about 1,000 truckloads a day!” 








The geologic processes 
Dr Jeffrey Moore, scientist, NASA Ames Research Center 
“I'm a geologist so | want to know what are the geologic processes 
that have shaped the surface of Pluto and its moon. It is important to 
understand which processes came first, and which ones are still acting 
on its surface. Maybe we'll see evidence for internal activity. Hopefully 
we can decipher the geological histories of Pluto and its moon.” 


Dibltomecimrisimuaceaiuse 


Imaging a distant, cold dwarf planet 





From clear shots of its moons to a possible polar cap, Pluto is revealing itself bit by bit 


The Hubble Space Telescope 
took this image of Pluto and 


Charon in 1994 


. 


Taken 203 million km (126 million mi) 
from Pluto, this was the first approach 
image taken by New Horizons 


of the spacecraft by 114 metres (3.7 feet) per second 
on 10 March and this shifted the course sideways by 
3,442 kilometres (2,139 miles), pushing it towards the 
desired close-approach point of Pluto. But the moons 
continue to fascinate. On 18 February this year, 
New Horizons Long-Range Reconnaissance Imager 
(LORRI) provided its first long-exposure views of 
Nix and Hydra at distances ranging from 201 million 
to 185 million kilometres (125 million to 115 million 
miles). By 13 May, it had brought Kerberos and Styx 
into view. Together with Charon, which had already 
been seen due to its size and greater brightness, it has 
meant all five moons have now been detected. 
When the spacecraft gets close to the moons, 
it will seek to map their surfaces at a specified 
resolution and map their surface composition at 
another resolution. It will do the same when it nears 
Pluto itself. “We will map the surface geologies, the 
surface temperatures,” says Dr Stern. “We'll map the 
composition, which means we will obtain spectra at 


Pluto is notoriously difficult to 
image, even for very powerful 
terrestrial telescopes 


Pluto and its largest moon, Charon, 
on 9 April - captured in colour for the 
first time by New Horizons 


literally hundreds of thousands of locations on the 
disc. We will map the surface topography because we 
will do stereo imaging so there are a whole variety of 
different maps that we will make. 

“By combining them - looking at the geology, the 
composition of the different types of features or 
whether there are thermal hotspots, for example - it 
can inform us what is going on in the planet, what's 
going on on the surface. It will tell us how Pluto has 
evolved and how it originally came to be.” 

At the same time, Dr Stern insists the spacecraft is 
not there to answer questions even though many can 
be posed. “We don't know what questions to ask,” Dr 
Stern explains, “We are there to collect certain data 
sets that will allow us to explore the Pluto system. It’s 
what the early space programme was about but done 
with 21st century technology.” 

More than 1,000 images are being sent to the 
ground team on its way to the encounter and while 
LORRI may be the least sophisticated instrument on 


“We'll map the composition and obtain 
spectra at hundreds of thousands of 
locations on the disc” praian stern 
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- 
The Pluto-Charon System, taken 
by the European Southern 
| Observatory's Very Large Telescope 


Bright and dark regions can be 
seen on Pluto, with astronomers 
detecting a possible polar cap 


the spacecraft, it will arguably produce some of the 
most exciting data. “It's got a big telescope in front 
of it so it’s high magnification,” says Dr Stern. “But it 
only has one charge-coupled device (CCD) and it's 
black and white, what we call panchromatic.” 

Those high-resolution images will be backed up by 
snaps taken from a digital imager called Ralph. Ralph 
will make the maps that show what Pluto, Charon 
and the Kuiper belt objects look like at light levels 
1000 times fainter than daylight at Earth. On 14 April 
this year, it took the first colour image. Eventually it 
will deliver images showing surface features as small 
as a few miles across. “It has eight CCDs, both colour 
and black and white, both scanning and framing 
cameras, and inside it also has an infrared mapping 
spectrometer with 64,000 pixels that is dramatically 
advanced compared to the Voyager devices of the 
same type,” Dr Stern explains. 

This will help to ensure that space enthusiasts and 
astronomers are glued to their TVs and the internet 
as more images and news filters through. “This 
mission is the capstone to the historic first era of 
reconnaissance, the equivalent of the summiting of 
Mount Everest," says Dr Stern. “It is just as significant 
as when the last of the continents of Earth were 
conquered... I can't be more proud of the team.” @ 
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In April 1970, John Swigert, Fred 
Haise and James Lovell left Earth on 
a mission bound for the Moon. After 
55 hours the crew took part in a live 
television broadcast back to Earth, but 
just nine minutes later, disaster struck. 
Ground tests before the launch 
had revealed a problem with oxygen 
tank 2. It had been used previously 
on Apollo 10, but had been damaged 
and had undergone repairs. Before 
launch, it would not empty properly, so 
engineers used the internal heater to 
boil off the extra oxygen. Unbeknown 
to them, during the procedure, the 
on-off switch became welded shut. 
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Disaster date: 13 April 1970 









Time: 142:40:45 


the exhausted crew 
ocean splashdown. 
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® Powering on 
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@ 1. Lift-off 
Time: 00:00:00 
Apollo 13 was the third manned 
mission to the lunar surface, 
and the crew planned to 
explore the Fra Mauro region 
on the near-side of the Moon. 


Apollo 13 


What happened: A faulty oxygen tank turned the third manned 
mission to the Moon into an epic fight for survival 


Apollo 13 re-entered the 
atmosphere almost four days after 
the disastrous explosion, carrying 


Time: 140:10:00 

The Command Module was 
brought back online shortly before 
the crew reached Earth. 





The crew had trained in simulations 
and remained calm, but tank one 
had also been damaged and their 
oxygen supply was rapidly running 
out. Before launch, the crew had 
practised using the Lunar Module as 
a lifeboat in case of emergencies. It 
carried enough oxygen and battery 
power for almost two days. With just 
a few minutes of power left the crew 
shut the Command Module down and 
transferred to the Lunar Module. 

Mission control calculated that it 
would take two five-minute burns to 
loop Apollo 13 round the far side of 
the Moon and back towards Earth, but 
it would take several days to rescue 
them. The Lunar Module had only 
been designed to operate for two days. 
The temperature plummeted and the 
men had to drastically cut their water 
intake and they barely slept as they 
returned towards the Earth. 

The Lunar Module was not heat 
shielded, so in order to re-enter Earth's 
. atmosphere, the crew had to return to 
the Command Module. It'd never been 
switched off during a mission before 
but as they approached Earth, the 
astronauts managed to successfully 
power the module back on. 

As the crew dropped through the 
atmosphere, communications cut out 
and mission control held its breath. 
Finally, they received confirmation 
that everyone was alright and the 
astronauts had splashed down safely 
in the Pacific Ocean. 


The fault went unnoticed and 
during the flight the temperature 
inside the tank skyrocketed. When the 
crew stirred the tanks 56 hours into 
their mission, they didn't realise that 
the insulation on the electrical wires 
inside had melted. As the fans turned, 
the wires touched, shorting out and 
setting the insulation alight. 

The astronauts heard a loud bang 
and felt the spacecraft rumble. Swigert 
contacted mission control and said 
the famous words, “Houston, we've 
had a problem here”. The oxygen dials 
showed that one tank was empty and 
the level in the second was falling. 
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@ 7. Assessing the damage 
Time: 138:01:48 

The damaged service module 
was released into space, and 
the crew were able to view the 
extent of the explosion for the 
first time. 






to a gentle 
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“Mission control held its breath 
as the crew dropped through 
the atmosphere” 
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2. Television transmission @ ——— 
Time: 55:14:00 
Shortly before the explosion, the crew 
¥ took part in a live television broadcast 
back to Earth, showing viewers what 
life was like inside the module. 
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6. Running repairs @ 


Time: 93:30:00 

After just a day and 

a half in the module, 
carbon dioxide levels 
rose dangerously high, 
and mission control had 
to invent a quick fix to 
replace the filters. 











@ 5. Emergency 
correction 
Time: 61:29:43 
The crew executed the first 
burn to swing Apollo 13 
around the Moon and back 
towards the Earth. 


4. To the lifeboat @ 
Time: 57:43:00 


As the remaining oxygen dwindled, | 
the crew abandoned the Command 
Module and retreated to the safety 
of the Lunar Module, which had its 
own separate supplies. 
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-e 3. “Houston, we've 
had a problem” 


Time: 55:55:20 

After the broadcast had ended, the crew were asked 
to stir the oxygen tanks. Tank two was faulty, and the 
procedure triggered a catastrophic explosion in the 
support module, venting their vital oxygen supply and 
taking the fuel cells offline. 
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The Apollo 13 crew had to make 
use of the Lunar Module (on the 
left) in their fight for survival 


NASA's 
Apollo 13 report 


‘ = bart 
6 The Apollo 16 accident, which aborted mans third te 
to explore the surface of the Moon, is 4 harsh reminder of the 
immense difficulty of this undertaking. we: 
The total Apollo system of ground complexes, ~ a ; 
and spacecraft constitutes the most ambitious and a 2 
an | ese 
engineering development ever undertaken by man. — moms 
missions to succeed, both men and equipment ress seh a 
| i : dy resulted in 
j this system has alrea 
near perfection. That : | rs 
successful lunar surface explorations is a tribute to those men 
women who conceived, designed, built, and flew a 3 
Perfection is not only difficult to achieve, but difficu 
maintain. The imperfection in Apollo 13 constituted a ee. aes 
: 7 ; - 
ar, the outstanding performance 0 
disaster, averted only by , = iS 
of the crew and the ground control team which supported the 
The Apollo 13 Review Board was charged with the Re 
responsibilities of reviewing the circumstances RS - me 
7 4uses of the acciaent, 
i ish the probable causes of 
accident, of establishing | : a 
assessing the effectiveness of flight recovery actions, of repo > a8 
| i ) for corrective 
indings ) loping recommendations 
these findings, and of develoy } ) - 
or other actions. The Board has made every effort to carry ou % 
IS ) ner. 
its assignment in 4 thorough, objective, and impartial manne a 
doing so, the Board made effective use of the failure analyses 7 
raft 
i ction &§ i ried out by the Manned Spacec 
corrective action studies car = a 
Center and was very impressed with the dedication and objectivity 
of this effort. 
The Board feels that the nature of the Apollo 16 2 pO 
failure holds important lessons which, when applied to ws oe 
missions, will contribute to the safety and effectiveness 0 
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Rosetta/Phil 


12 November 2014 


The ten-year mission to land a probe on a 
comet came close to failure when the harpoons designed to 


Fleas) Mate aie iowelole(cmel emi lelm@else) (ayy 


The Rosetta spacecraft had chased comet 67P/ 
Churyumov-Gerasimenko for over ten years, 
travelling 6.4 billion kilometres (4 billion miles) 
before coming into orbit on 6 August 2014. The next 
phase of the mission was to soft-land the Philae 
probe on to the surface so that it could sample the 
comet with its on-board laboratory. 

The team aimed to slow the probe to one metre 
(3.3 feet) per second as it neared the surface, 
allowing its three legs to land gently on a flat patch 
of ground. Harpoons would then be deployed to 
bolt the lander to the floor. However, when Philae 
touched down it did not quite go as planned. 

The anchoring harpoons did not fire and instead 
of landing safely, Philae bounced off, skipping twice 
like a stone before coming to rest. The surface of the 
comet was a dangerous combination of jutting rocks, 
boulders and plumes of gas and dust, and when 
Philae returned its first images, it became clear 


With very little gravity on the 
comet, Philae is about the same 
weight as a paperclip, and this 
image captured by its camera 
reveals its precarious position 


Disaster date: 1 May 2009 











Separation 
2 5km 09:03 GMT 

The Philae lander 

was released from 
that it was ti Ited sideways in the shadow of a cliff eal the 
with one of its legs up in the air. Having bounced a 
away from its planned landing site, scientists on the 
ground had no idea where the probe had eventually : 
touched down. 2km- * 

Without enough sunlight, Philae was in danger of 
atinlanial:mell@me)/@eria(a'aclilemie@it-me)(aerlelell-mpesiale) am 
any manoeuvre could knock it over completely or 
worse, propel it out into space. However, despite Descent 
these problems, Philae completed its first set of 7 hours 
science experiments, providing an incredible wealth Philae arrived at the planned 
of new data. 1.5km speed of 1m (3.3ft) per second 
Philae’s primary batteries ran down after 57 hours, after seven hours of descent. 
at which point it entered hibernation mode. But 
before it went to sleep, scientists tried a bold rescue 
operation. They lifted the probe by four centimetres 
(1.6 inches) and rotated it by 35 degrees in the hope 
that with the solar panels repositioned, it might be 
| | | Ikm 
able to wake up as the comet gets closer to the Sun. 
0.5km 


_ During its ‘ime.on Mars 
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What happened: After five years on the surface of Mars, NASA's 
Spirit rover became lodged in a sand trap 


In the spring of 2009, NASA‘s Spirit rover was 
investigating a location on Mars known as Troy, but 
the ground was softer than it appeared. In 2006 
Spirit's right front wheel had stopped working, and 
as the top layer of soil gave way, the stuck whee! 
churned the ground and Spirit started to sink. 
NASA engineers built a sandy testbed to replicate 
Spirit's predicament, and began testing different 
combinations of backwards driving and wheel 
wiggling to try to find the best way to free Spirit 
Attempts to rescue the rover began on 16 
November 2009, but after three days it had only 
moved forwards by 12 millimetres (0.5 inches). The 
rear right wheel stalled repeatedly and after just a 
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few attempts, it gave up altogether. With just four 
wheels remaining, and with winter fast approaching, 
the team feared that soon the rover would no longer 
be able to capture enough solar energy. They tried 
driving backwards, and managed to climb up for the 
first time, but progress was painfully slow and after 
eight months the rover was still trapped. 

Winter eventually hit and Spirit entered 
hibernation, but unfortunately, contact never 
resumed. However, in the process of getting stuck 


churning up the soil, Spirit had released sulphates 


hidden beneath, revealing evidence of a nearby steam 
vent and providing new clues about the water cycle 
on modern Mars. 
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Et 
Air time 
1 hour 50 minutes : 
Following the first bounce, 
First bounce oop reached a speed of 
; se cm (15in) per second. Had 
15:34 GMT it reached 50cm (19.7in) per 
The harpoons designed second, it would have escaped 
to bolt Philae to the the comet's gravity. 
. < comet did not deploy, 
and the probe bounced 
. away from the surface. 
¥ Second bounce 
17:25 GMT 
After travelling around 
km (0.6mi) across the 
comet's surface, the 
lander came down and 
bounced again. 
Air time 
7 minutes 


The second bounce was 
much shorter than the first 
and saw Philae land ina 
precarious position. 


Final position 

17:32 GMT 
Philae ended up tilted sideways in the 
shadow of a cliff but nevertheless, was able 
to perform the science that enabled Rosetta 
to successfully complete its primary mission. 


4 Apollo 11 


Disaster date: 24 July 1969 

What happened: Buzz Aldrin and Neil 
Armstrong were almost stranded on the 
Moon after the switch that armed their ascent 
engine broke 


The Moon landing was one of the most 
monumental days in human history, but there 
were some tense moments along the way. The 
descent was challenging, and amid problems 
with communications and the on-board 
computer, Armstrong and Aldrin overshot their 
landing zone. They eventually touched down 
with less than 30 seconds of fuel remaining, 
After their historic moonwalk, the two 





astronauts returned to the lander, but in the 


process one of their life support backpacks 
nudged the switch that armed the ascent engine 
and snapped it off. Without it, they wouldn't 

be able to return to the waiting orbiter. Ground 
control quickly replicated the fault on a mockup 
of the module on Earth, and set about finding 

a way to flick the switch using any available 


objects. Luckily, the astronauts were carrying 
pens, so Aldrin was able to use one to push the 
switch, arming the engine and saving the day. 
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~ Space Shuttle Endeavour carried 
seven crew members to Hubble 
and after five separate spacewalks, 
the telescope was fixed ° 


Disaster date: 20 May 1990 
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Hubble Space Telescope 


What happened: The iconic Hubble Space Telescope almost became one of science's 


biggest mistakes when it was launched into space with a faulty mirror 


The Hubble Space Telescope has captured some of 
the most iconic images ever taken of outer space, but 
it started out with a major fault. The project had cost 
billions of dollars and carried a meticulously polished 
2.4-metre (7.9-foot) mirror weighing just over 800 
kilograms (1,800 pounds). Free from the interference 
of Earth's atmosphere, Hubble was expected to return 
high-resolution images but after the first images were 
returned just a few weeks later, it became clear that 
something was wrong. 


Lad 
The mirror flaw 
‘> Actual shape 
Intended shape 


a el 


Four microns too 
flat at the edges 
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The primary mirror had a flaw known as a 
spherical aberration; the edges were too flat, which 
meant that the light was not properly focused, 


causing a fuzzy halo to appear in every image. There 


was public outcry, and NASA came under attack for 
wasting money on a scientific disaster. 

So, in 1993, NASA attempted to save the ailing 
space telescope. Seven crew members carried with 
them the Corrective Optics Space Telescope Axial 
Replacement (COSTAR). It was made up of five pairs 


Spot the difference 


BEFORE 








of mirrors that, when installed in front of the Faint 
Object Spectrograph, the Goddard High Resolution 
Spectrograph and the Faint Object Camera, would 
work like a pair of glasses to bend the light, bringing 
it into focus. They also took the Wide Field Planetary 
Camera 2, which included its own corrective optics, 
and boosted Hubble's ultraviolet vision. 

The astronauts spent 11 months training and 
practised the fiddly procedures over and over again 
inside a special water tank. The mission was a 
resounding success but during the final stages, while 
changing some insulation, a tiny screw floated away. 
Fearing that it could dent the new mirrors, the crew 
had to use the Shuttle's arm to capture it. 


This before and after image of the 
nucleus of the M100 galaxy reveals the 
full extent of Hubble's mirror fault 
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Disaster date: 18 March 1965 
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uA 10 daring space rescues 


Flying solo @ 


Leonov decided not to tell 
ground control about his 
predicament, and made 
the decision to let the air 


-Voskhod 2 


Inflatable airlock @ 
Leonov was supposed to 
re-enter the airlock feet 
first, but he ended up 
having to pull himself in 
the wrong way round. 


What happened: The first-ever spacewalk almost ended in tragedy when Alexei Leonov’s 


spacesuit expanded, preventing him from fitting back inside the airlock 


In 1965, Alexei Leonov became the first man to 
‘swim in space’. He had trained for 18 months for this 
12-minute spacewalk, and his superiors were so afraid 
that something might go wrong that they reportedly 
provided him with a suicide pill in case he was 
unable to re-enter the spacecraft. 

By the time Leonov had completed his spacewalk, 
the air inside his suit had expanded in the vacuum 
of space. Moving became difficult, and when he tried 
to return to the airlock he realised that he could no 
longer fit inside. Leonov was running out of time 
and realising the severity of his situation, he tried 
something brave. He began to deflate his suit, risking 
his oxygen supply by releasing the gas into space. 

He managed to squeeze back into the airlock but 
in the process lost six kilograms (13 pounds) in body 


During a spacewalk on 
the ISS, water started 
to build up inside Luca 
Parmitano’s fattlt y 
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weight, and emerged covered in sweat. Unfortunately, 
this was not the end of his traumatic ordeal. The 
automatic guidance system on board the spacecraft 
was not working, so the crew needed to navigate 
re-entry into the Earth's atmosphere manually. As 
they descended the craft began to spin. They veered 
off course and came down in the icy wastelands of 
the taiga forests of Siberia. 

The spacecraft eventually crash-landed in an 
area that was so inaccessible that the rescue 
helicopter was unable to land. Instead, they dropped 
supplies and the cosmonauts had to spend two 
nights in the forest with an open hatch, braving 
bears, wolves and the elements, before the rescue 
team accompanied them as they skied to the nearest 
landing point for evacuation. 





During a spacewalk on the 
International Space Station, Luca 
Parmitano realised that something 


out of his suit alone. ® Inflated suit 
The gloves and shoes 
attached to Leonov's 
suit had expanded 
away from his body, 
and he was unable to 
bend his limbs to get 
back inside the airlock. 







Chest camera 
Leonov carried a chest- 
mounted camera, but 
his suit had blown up so 
much that he could not 
bend to reach the shutter 
release on his leg. 


i hl! et" 


7 ISS helmet malfunction 


Disaster date: 16 July 2013 
What happened: An ISS spacewalk was abruptly cut short when Luca 
Parmitano's helmet started to fill with water 


covering his eyes and nose, Parmitano 
had to navigate across a ‘no-touch 
zone’. “| was upside down with no 





wasn't right. He could feel water 
creeping across his communications 
cap, and it soon became clear that he 
needed to go back to the airlock. 

As Parmitano tried to climb back, 
the Sun set, plunging him into 
almost total darkness. He later told 
us, “It's a black like nothing you can 
experience on Earth.” Guided only 
by a 30-centimetre (12-inch) ring of 
light from his helmet and with water 


light, no eyesight because my eyes 
were covered, I had water in my nose 
and | tried to call the ground and 
Chris, but neither one could hear me.” 

Parmitano decided to return to the 
airlock unaided and five minutes later 
he was inside. “The next thing I knew 
Chris was squeezing my hand trying 
to get a response and my response 
was to squeeze as hard as I could to 
give him the okay.’ 
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10 daring space rescues 
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Disaster date: 25 June 1997 


3. Progress-Mir je 
collision 


What happened: The crew of Mir faced catastrophe as a bus-sized supply 
freighter punched a hole in the Russian space station 


In 1997, Russian cosmonaut Vasily 
Tsibliev was in charge of docking the 
supply freighter Progress with the Mir 
Space Station. It was his job to guide 
Progress in, using an on-board camera 
to navigate. However, the slow pictures 
made judging the speed of the craft 
difficult and, as Progress headed 
towards Mir, it began to move too fast. 
Cosmonaut Aleksandr Lazutkin saw 
the craft approaching and sounded the 
alarm. Even though Tsibliev had fired 
the braking rockets, it was too late and 
Progress slammed into Mir's Spekt 
module, crashing through the solar 
array and tearing a hole in the hull. 


The crew worked rapidly to cut the 
connections to the damaged module. 
Pressure inside stabilised and the 
immediate danger was over, but the 
impact had set Mir spinning wildly 
preventing the remaining solar panels 
from facing the Sun 

Working together with Tsibliev, who 
was now at the controls of the docked 
Soyuz, astronaut Mike Foale shouted 
instructions to fire the thrusters to 
bring the spin under control. As they 
passed over the sunny side of the 
Earth, they managed to charge the 
batteries and to the relief of all, the 
space station came back to life. 
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Spektr mit on Mir. The 

solar panels Were Grippled 
and a hole was punched | 
through the hull 
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Progress approaches ge Braking rockets fired 
Watching the Progress freighter | Tsibliev fired the on-board braking rockets 
coming in on the video monitor, to slow Progress down, but they were small 
Vasily Tsibliev did not realise and weak, and there was not enough time to 
that it was picking up speed | slow down before the freighter reached the 
and approaching Mir too _— $< — hull of the space station. a 
quickly. The seven-ton craft — y . , 
was on a course for collision. 


Progress-Mir collision . Va & | Mir in a spin 


The collision set Mir spinning, preventing light 
from reaching the solar panels. Using an old sailing 
just before the freighter collided with technique and some quick maths, Michael Foale 
the Spektr module. The pressure : managed to calculate the amount of thrust 

started to fall, and the three men , ae required to correct the spin. 

had to work rapidly to seal off the B) 

damaged part of the station. 


Aleksandr Lazutkin saw Progress 
approaching and sounded the alarm 
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26 July 2005 


During the launch of the first Space Shuttle flight afte 
Columbia disaster, the heat shielding on the underside of the craft was 


In 2005, NASA's Space Shuttle 
Discovery travelled to the 
International Space Station to deliver 
citlo)je)b acme bee maelebiejeelael@meltimelelernts 
launch the-craft sustained some 
damage. Several chunks of insulating 
foam broke away from the Shuttle, 
and some of the ceramic gap fillers 
that stop the heat shield tiles from 
rattling managed to wriggle free. 
Engineers were concerned that 
these uneven bumps would cause 
turbulence as the craft re-entered 
Earth's atmosphere, and projected 
that the damage could increase 
heating by up to 30 per cent, 
potentially putting the lives of the 
crew in danger. 

Just two years earlier, Space 
Shuttle Columbia had broken up on 
re-entry following damage to its heat 
shields, tragically ending the lives 
of its seven crew members. After 
this tragedy, ground control was not 
happy to allow the Discovery crew to 
return to Earth until the damage had 
been fixed. 


RC icoltislemeesleceMiieelelmm (at 
Discovery return to Earth 
until the problem was fixed” 


10 daring space iescues 
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. heat shield problems 7 







a 














































tr the 


A repair mission was.included 
during the third and final 
spacewalk, but nothing 
like it had ever been 
attempted before. The 
underside of the Shuttle 
was fragile and astgonauts 
AFleMiGiameeaoieeliio, | eMele cece) 
the heat shielding Be: Asa 


consequence, no handrail had been — 







built in for support, so astronauts _ at « ". 
Steve Robinson and Soichi Noguchi - — = 
had to ride on the International Space : % 
Station’s Canadarm2 robotic arm to t- 


reach the damaged area. 

Robinson was to perform the 
historic repair and he carried a pair 
of forceps and a saw with him, in 
case the ceramic fabric was difficult 
to remove. But in the end he found 
it simple enough to ease them out 
with his fingers. As he triumphantly 
removed the second piece he said, “it 
looks like this big spaceship is cured”. 
The Shuttle was later cleared for 
re-entry, and returned safely to Earth 
on 9 August 2005. 
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10 Liberty Bell 7 


Disaster date: 21 July 1961 


What happened: One of the first-ever suborbital space flights almost ended in 
disaster when the escape hatch blew open prematurely, flooding the capsule 


in the middle of the ocean 


Gus Grissom had been on a 15-minute 
suborbital flight and had splashed 
down in the Atlantic Ocean. His 
capsule, Liberty Bell 7, was fitted with 
a new explosively activated escape 
hatch at the side but as he waited for 
the helicopter, it burst open and water 
flooded in. Grissom escaped as the 
capsule started to sink but he was left 
floating in the open ocean. He had 


also forgotten to close the oxygen inlet 


to his suit and water was trickling in, 
weighing him down. 
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Unaware of his immediate peril 
and thinking that the spacesuit would 
keep Grissom afloat, the helicopter 
pilot attempted to rescue the sinking 
capsule first. But Liberty Bell 7 kept 
refilling as the waves swelled, and the 
helicopter could not take the strain. 
After a tense four minutes and 
with Grissom close to drowning, the 
sinking capsule was abandoned to - . — : 
the waves, and a second helicopter The hatch on Liberty Bell 7 flooded with With the first helicopter in a bad way, a 
was Called to pluck the exhausted water each time the waves swelled,and — second rescue pilot had to be called to 
astronaut from the water. the helicopter's engine almost cut out pull Grissom from the Atlantic Ocean 


(0 Acirian Mann NASA: ESA; Getty: Roscosmos 
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What's that space rock? 


What's tha 
Space rock? 





Comets and comet nuclei @ 
These cosmic snowballs from 
the edge of the Solar System are 
thought to preserve significant 
amounts of rock and dust 
from the early Solar System, 
especially in their cores. 





Asteroids, meteorites, comets: how they Te made and why they're importan 
















4 
4 These days, space rocks generally only make dust grains then start to bump together, they start Helpfully, not all the rocky material ‘he 
4 headlines thanks to theif perceived danger to to stick together, eventually building up from grains __ early Solar System was sucked up and locked. a 
; human life and civilisation. However, space of dust into pebbles, into boulders, and then into away into the planets. “A lot of that debris rema ins ' 
scientists have good reason to be seriously interested mountain-sized asteroids, which then start to clump in the form of dust grains or small rocks or even : 
in the numerous rocky objects found throughout the together into things we recognise as planets,” he large rocks like asteroids,” Kukula adds. “When i 
Solar System, as they can potentially tell us so much adds. “So it really is building from the bottom up.” meteorites fall to Earth, some of them are pretty ) 
about its origins. _ However, there’s one serious problem when much unmodified; they area record of that early =, 
“There are still questions about the details, but it comes to working out what these planetary stage of the Solar System, they've beeninadeep =! 
what we think happened is that the Solar System foundations were actually like. “All of the rocks on freeze since then, preserving a record of what the 
formed from a huge cloud of gas with tiny dust Earth, although they ultimately come from this early Solar System was made of.” ; ? 
grainsunixed in,” explains Dr Marek Kukula, public interstellar dust material, have been modified,” says * Some spacé rocks may even be fragments from 
astronomer at. the Royal Observatory Greenwich. Kukula. “As the Earth formed, it heated up - those the numerous rocky impacts now believed to have, 
“These grains would have been a kind of silicate - dust grains would have melted together, become occurred during the early days of the inner Solar 
silicon and oxygen bonded together - similar in size a fluid and later crystallise out in various volcanic _ System, not least the collision between a proto-Earth , 
to smoke particles. So really tiny, but very important processes. So the rocks that we have on Earth have . and a Mars-sized planet, the debris from which : 
in gathering together other gases and molecules very different composition and structure from the condensed to form the Moon. It's a theory supported 
and allowing chemical reactions to form. “These original dust grains.” by samples collected by the Apollo missions. @ ' 
4 P << = = 
elieieteieiaiateteiaitate tre ‘ae 
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J 
® The asteroid belt @ The asteroids 
The majority of known ' Coming in all shapes and . 
asteroids perform mildly ¢ sizes, from nearly 1.000km 
elongated orbits within (621mi) down to just a few 
this vast doughnut-like ring metres across, these rocky, 
between the orbits of Mars airless worlds are remnants of 
and Jupiter. It is estimated that * the birth of the Solar System. 
there are between 1.1 and 1.9 
million of them with diameters ‘. « 
4 of 1km (0.6mi) or larger. ; 
bod “he 
a { . 
¢ | “7  20.------~~~ se 
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®@ Meteoroids 
Principally fragments and The pla nets @ 


debris from comets and | 
asteroids, meteoroids are While all planets are believed 


Lis SOR: to have rocky cores, those 
among the smallest objects | | | : 
in space, ranging in size __ that formed further away 
from small-grains to metre- from the Sun's heat were able 
Witels objects. ice) hold on to much more Bas 

, than the inner worlds. 
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@ Meteor showers ‘ 
Often called ‘shooting’ or ‘falling 
stars’, meteor showers are the 
result of meteoroids glowing 
hot while speeding through the 
atmosphere. Some reach speeds 
ine cess of 70km/s (43mi/s). 
Meteors vs meteorites @ 
Meteoroids that burn up in Earth's 
atmosphere are meteors. Any 
remnant reaching the ground 
is a meteorite, so all meteorites 
were meteors, but not all meteors 
vi 4 fey 2 become meteorites. 
- oe q Sl 
S22 . Bae 
, ee 0 2 a 
® Dwarf planets aah eh aN IT a eel 
Officially defined in 2006, =. seh 
these are space rocks massive oa a 
enough for gravity to ensure ad a ee in 
a spherical or ellipsoid shape, 
but have not cleared their 
orbits of other objects. 
Z 
WWwW.SPaceanswers.com . 49 





MISSION PROFILE 


Mars Science Laboratory — 


As Curiosity continues to make discoveries on Mars, we 


look at the mission's goals and progress 


Mission type: For the past three years, the Curiosity rover has been But in 2010, the team reassembled. “And even 
Martian rover trundling over the surface of Mars, determining the with an extra two years, it was a mad rush,” says 
Red Planet's habitability by testing its soil and rock Dr Vasavada. “We were testing instruments, driving 
Operator: and studying the local geologic setting as it looks to the rover and moving the arm and if anything went 
NASA detect the potential presence of the chemical building |= wrong, we knew we only had a finite amount of time 
blocks of life. to figure out the solution and get things back on track. 
Launch date: But for the scientific and engineering team working We had people working three shifts a day and others 
6 November 2011 on the Mars Science Laboratory (MSL) mission at moving to Florida for the launch. It was intense.” 
Target: Mars the Jet Propulsion Laboratory (JPL) in California, The launch took place at Cape Canaveral on 26 
: the journey has been even longer. NASA tasked it November 2011. In August 2012, it readied for landing. 
Landed: with inventing a mobile geochemical laboratory in “The thing people had worked on for eight or nine 
6 August 6012 2004 and it has been a rollercoaster ride ever since. years was coming down to a last seven minutes of 
Primary Objective: is project has pea from drawings on cocktail bead ih icra It landed in ip aaa 
; agi" Sea napkins to actual hardware,” says project scientist Dr -mile)-wide geologic depression called Gale Crater. 
Pind evidence ol’ past pears R Vasavada. ao A two-year mission could begin. 
habitability. Dr Vasavada explains that the idea “to look at “The first six months on Mars was highly scripted 
Status: whether Mars can support life and whether or not life and we had rehearsed it many times over,” explains Dr 
7 es ists in the present or has done in the past,” came 
lM 2015, Curiosity op : period of heightened Mars-based activity os . 
cpvnapsagtrtes early “There was also a shortage of scientists in 2004 and The thing people had 
Mars COULA N&aVe that is what led, partly, to me coming here.” roplzoa in 
supported microbial life. Initially work progressed well. The scientific aims worked on for nine 


I® 


INTERVIEW BIO 





were established, the rover was engineered and the 
landing site identified. “We spent six years choosing a 
landing site,” says Dr Vasavada. One of the problems, 


though, was how to actually land this mammoth tech. 


Airbags, they figured, would not suffice. 

Their answer was a sky-crane system using rocket 
engine thrusts to control the rate of the spacecraft's 
descent while lowering Curiosity on three nylon 
tethers. “It was our biggest technological leap but it 
took some convincing,” adds Dr Vasavada. “I wasn't 
there when our engineers first showed it to our 


years was coming 
down to a last seven 


minutes of terror 


Vasavada. “We were getting the arm out for the first 
time, getting samples and analysing. We were driving 
the rover, commanding it blindly, then letting it use its 
own ability to navigate.” 

After six months, Dr Vasavada said the mission 


( Dr Ashwin R: sponsors at NASA but from what I understand, there became more exciting. “The keys passed from the 

\Vasavada _/ was a lot of silence in the room.” engineering team to the science team. We then 
Having achieved a PhD As the intended 2009 launch date approached, conducted an experiment at a site called Yellowknife 
in planetary science at though, disaster struck. The sampling system and the —_ Bay and took our first two samples.” 


the California Institute of 
Technology in 1998, Dr 


rover avionics were not maturing fast enough to be 
ready in time and the mission was postponed. “It was 


The results were startling. "We were able to 
determine from a lot of different viewpoints that the 


istaaialanepet gag a difficult decision to make because Mars and Earth requirements for a habitable environment were met at 
Propulsion Laboratory in 2004 only align every two years or so,” says Dr Vasavada, this site. It was a wonderful result,” says Dr Vasavada. 
fo work on the Mars Science “We knew the next date would be in 2011." “We saw that it was a place of an ancient lake bed and 
Laboratory as the deputy The delay forced the team to slow down to save that the water in that lake was chemically suitable 


project scientist. Now project 
scientist, he is interested in the 
geologic study of Mars with 
regards to surface properties, 
volatilities and climate history. 


money. Some worked on other projects for a few 
months. “It was frustrating to be so driven by orbital 
mechanics. You have this very passionate team 
working for six or seven years and you realise it’s not 
moving fast enough,” Dr Vasavada laments. 


for life, so not too acidic, too alkaline or too saline. 

Not only that but the other chemical elements for 

life - carbon, nitrogen and oxygen - were present for 
life to use too. We could see that there was a habitable 
environment on Mars 3.5 billion years ago." 








CURIOSITY AT WORK | 


Communication antennas 
The antennas allow the rover to 
communicate with the mission team on 
Earth. An ultra-high frequency antenna 
allows for fast data transfers. Low-gain 
and high-gain antennas transmit more 


Laser analysis 
Curiosity is fitted with a 
ChemCam, an instrument 
that fires a laser at the 
ground and determines 
which rock and soil targets 
are of potential interest by 
analysing their elemental 


Snapping close-ups 
Located at the end of the 
robotic arm is the Mars Hand 


composition. It can also 


data at higher frequencies but are eich 
take detailed images. 


: Lens Imager which acquires 
more narrowly focused. 


colour close-up images of rocks 
and surface materials at up to 
1,600 x 1,200 pixels. 


» 
Rene 
— =» 





Photos and video 
These two Mast Cameras can 
take colour images and video 
so that scientists can better 
navigate the rover, direct 
Sampling and gain panoramic 
views of the landscape. 


Environmental 
sensor 

The Curiosity rover 
measures atmospheric 
pressure, humidity, 
temperature, wind 
speed and direction 
and ultraviolet radiation 
on the surface of Mars, 
providing daily and 
seasonal reports. 


Damaged wheels 
Curiosity has six aluminium 
wheels which can ably navigate 
Mars's terrain since they 

are individually geared and 
actuated. But there has been 
wheel wear and damage due to 
Mars's sharp rocks. 


Organic check material 
lf Curiosity's Sample Analysis at Mars 
(SAM) instrument detects organic 
compounds in the soil or rock, it will 
make use of sealed organic check 
material carried in five cylindrical 
blocks for a controlled experiment. 











We were able to 
determine that the 
requirements for a 
nabitable environment 


: : " 
were met at this site 














MISSION PROFILE 


Progress report 


Following the initial findings at Gale Crater in 

a spot just 500 metres (1,640 feet) from where 
Curiosity had landed, the scientists began to 
move the rover away from the flat plains towards 
Mount Sharp, the crater’s central peak, to capture 
a record of time by looking at the layers of rock. 

“The mountain offers a 5.5-kilometre 
(3.4-mile) stack of layered rock which gives the 
opportunity to query multiple eras of Mars's early 
history and see if the conditions that we found 
in Yellowknife Bay were persistent, or whether 
habitability came and went in early Mars history,” 
says Dr Vasavada. 

The scientists spent 14 months after 
Yellowknife Bay simply driving Curiosity. “We did 
a lot of science along the way but the major focus 
was driving.” says Dr Vasavada. But the team has 
been learning much about the Red Planet. 

“We're looking at whether or not the 
chemistry turned from being friendly to life to 
being unfriendly to life, over what timescale it 
happened and why,” he adds. “We want to see if 
volcanoes were going off or if the atmosphere was 
being lost and climate was changing. Those are 
the questions we can answer through the study 
of geology and geochemistry." 

In April this year, a full Mars year of 
temperature and humidity measurements 
indicated the possibility of small quantities of 
brine - a solution of salt in water - to form near 
the equator on some nights. “By having a very 





‘The primary goals 
of the mission have 
been addressed but 
Mount Sharp will add 
more detail. 





capable weather station on the rover, we can look 
though the weather data and see if we met the 
meteorological conditions that would allow brine 
to be stable," says Dr Vasavada. 

There is also methane on Mars. “It’s fascinating 
because methane is expected to be lost over a 
few hundred years on Mars so by seeing it, it 
tells you that is it being actively produced by 
something,” he adds. 

Over a 60 Mars day period, a spike of 
methane ten times higher than the background 
amount was discovered. “We still don't have 
an explanation for it at this point,” Dr Vasavada 
says. He theorises that it could be due to several 
factors: modern-day microbes, underground water 
interacting with rocks to release methane, organic 
molecules delivered by meteors and dust, or the 
Mars surface interacting with ultraviolet light to 
create methane. 

It also means there is much to do. The 
primary goals of the mission have been 


a ? . 
| ‘a 
Gale Crater ‘ 
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more detail to humankind’s understanding of 

how Mars went from a wetter and warmer planet 

friendly to life 3.5 billion years ago, to the cold 

and dry environment of today. “We have this 

basic idea that such a story exists on Mars but the 

details of how that transition happened and how 7 
the chemistry changed over time, is something 
Curiosity and Mount Sharp have 
the ability to answer,” Dr 
Vasavada says. @ 
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CURIOSITY’S LONG JOURNEY FROM EARTH TO MARS 





April 2004 


26 November 2011 6 August 2012 
Curiosity lands 
With impressive accuracy, Curiosity 
touches down in Gale Crater, 
sending a signal to Earth via NASA's 
Odyssey satellite. Ancient riverbeds 
indicate once-flowing rivers. 


Third rover announced 
Within months of two rover 
geologists landing on Mars, NASA 
announces its intention to send 
another. It asks for instrument and 
scientific experiment proposals. 








Launch postpone 
Technical problems and a lack of 
time to resolve them pushes the 
original launch date of September 
2009 back to 2011 - at an estimated 
cost of $400 million. 





2008 


ned Lift-off 


the landing site. 











MSL launches from Cape Canaveral, 
Florida, for its eight-month journey. 
Earlier in the year, Gale Crater, home 
of a huge mountain is selected as 











TRACING CURIOSITY 


Bradbury Landing 
Bradbury Landing marks 

} the spot in Gale Crater where 
Curiosity landed. It is just 2.4km 
(1.5mi) from the location the 
NASA team had pinpointed for 
the rover's touchdown. 












After driving by an outcrop 

_ called Shaler and using the rover's 
| ChemCam instrument to test 
the rock composition, Curiosity 
moved on to Yellowknife Bay. It 





and life-supporting chemicals. 
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Nitrogen discovery 
Scientists used the Sample 
Analysis instrument to detect nitrogen 
| on the surface of Mars in the form of 
nitric oxide. Nitrogen is essential for all 
forms of life. It can be released during 
the heating of Martian sediments. 
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Long drive 
J This is Curiosity’s route towards 

the base of Mount Sharp, a total of 

~ 8km (5mi) from the Shaler outcrop. 

Base of Mount Sharp x i: ~—_ After 335 Martian days, or sols, the 

Curiosity reached Mount Sharp, _ ~~) a _@ rover had travelled Ikm (0.62mi). 

or Aeolis Mons - the rover's long-term 

destination - on 11 September 2014. It is 

crossing rocks that hold clues to Mars’s 

early geological and environmental history. 
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Continuous testing 
an As Curiosity continued 
: a its journey, it took various drill 
samples including those at 

_ Kimberly, testing composition 
and texture. The Mast Camera 
also captured Ceres and Vesta 
from the surface of Mars. 





Main objectives 


Seek habitable environments 


» Ancient lake found 


' found evidence of an ancient lake 





The mission will continue to access new 


terrain on Mount Sharp. By climbing 
the mountain and accessing new rock 
types, Curiosity will record different 
parts of Mars's history across differing 








December 2Ole December 2014 April 2015 environments. 

Signs of life? Methane spikes detected Liquid water Uncover organic molecules 

Two months after assessing Spikes ten times that of background Curiosity discovers a chemical in the Curiosity has already drilled and found 
the atomic elements of a drift methane are discovered, baffling Martian soil that is forming brine from organic chemicals at its landing site but 
dubbed “Rocknest”, simple carbon the MSL mission team. A possibility atmospheric water vapour. Liquid the search for organic molecules in the 
compounds which point to possible of methane from living microbes is water just below the surface is shown soil is another ongoing goal for the MSL 
traces of past life are detected. discussed. The jury remains out. to appear on cold winter nights. mission team. 


Study environmental change 


They are seeking to find out why Mars 
went from a wet to a dry planet. 
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Scientists are seeking to discover if there 
was climate change on Mars and whether 
volcanoes have affected the environment. 





Get to grips with light speed and time travel with 
our back-to-basics guide to Einstein's universe 


Written by Giles Sparrow 


move on elliptical orbits, and that they 
motion depends on their distance? 
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Gravitational well 

A model! to illustrate a body's 
gravitational field strength. 
Deeper wells mean stronger 
gravity, therefore more energy 
is needed to escape them 


Reference frame 

A perspective used to 
observe motion. Fixed frames 
are stationary, whereas 
moving frames travel with 


the object being observed. 
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Exotic matter 

Matter that doesn't behave 
as we expect ‘normal’ matter 
to, such as dark matter and 
hypothetical particles with 
negative mass. 


Precession 

The gradual change in 
orientation of a planet or a 
moon's rotational axis, similar 
to the way a spinning top 


wobbles as it spins. 






a 


Thought experiment 

A method of speculating 

on potential consequences. 
Generally used when it is not 
possible or feasible to carry 
out the real experiment 


(Non-)Inertial 

Used to describe reference 
frames. An inertial frame has 
a constant velocity, in a non- 
inertial reference frame there 
is acceleration. 





Singularity 

A point in spacetime where 
gravitational forces become 
infinite and the laws of 
physics as we know them 
break down 


Frame dragging 
The effect that a rotating 
body has on spacetime. 


Massive bodies such as black 


holes can twist spacetime as 
they spin. 





ee 
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Event horizon 

An invisible, calculable 
boundary surrounding a black 
hole. Anything that passes the 
event horizon will not escape, 
not even light. 


White hole 

The hypothetical opposite 

of a black hole: nothing can 
enter the white hole from the 
outside, but matter and light 


Cdl) CsCd pe. 
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What is relativity? 


Einstein's theories of relativity were mostly aimed at 
addressing the problem of the fixed speed of light. 
Since the mid-]19th century, astronomers understood 
that the speed of light moving through air was 

just under 299,800 kilometres (186,287 miles) per 
second. There had been many attempts to detect 
variations in this speed and this, scientists hoped, 
might confirm the presence of the luminiferous 
aether, a hypothetical substance thought to pervade 
the universe and act as the carrier medium for 

light waves. But a crisis in Newtonian physics was 
sharply highlighted in 1887, when the Michelson- 
Morley experiment, a laboratory test that should have 
revealed the aether's effect on light rays moving in 
different directions, drew a blank. 

Einstein's approach was radical. While others tried 
to find ways around the problem, he tackled it head- 
on by asking what if the aether did not exist? In a 
series of thought experiments, he made only two 
assumptions: that the laws of physics are identical 
for all observers in inertial situations and that there 

















Setting the speed of light as a universal speed 
limit led Einstein to his remarkable discovery 
that mass and energy are equivalent. He arrived 
at this by considering what would happen if an 
object travelling at relativistic speed continued 
to pour energy into acceleration. The energy 
could be provided internally, for instance on a 
rocket powered by an ion engine, or externally, 
for example in a particle accelerator. 
Einstein realised that in either case, the 
object's kinetic energy would have to increase 
even if its velocity could not. Since kinetic 
energy is reliant on both mass and velocity, 
this indicated that adding energy to an object 
moving at near-light speed tends to increase its 
mass. In fact, Einstein found that the energy 
content of an object is equal to its mass times 
the speed of light, c, squared: E=mc¢. 





Mass atO percent Mass at 99.5 per 
speed of light cent speed of light 
However much energy you apply to it, it is simply 
impossible for an object with any mass to achieve 
the speed of light 





is no aether. Instead, the speed of light in a vacuum 
is a constant, unaffected by the motion of the light 
source. Einstein felt able to abandon the aether 
because of another important breakthrough. He was 
the first to marshall the evidence that light travels in 
photons, self-contained wave packets that require no 
medium to carry them. 

Special relativity itself considers the way that the 
laws of physics would then appear in situations of 
relative motion at close to the speed of light (what 
we now Call relativistic situations). Using quite 
simple mathematics, the theory predicts remarkable 
consequences. From the perspective of a distant 
observer, objects moving at relativistic speeds appear 
both to be compressed in their direction of motion 
and experience a slower passage of time. Einstein 
also looked further at the energy content of a body 
in relativistic motion, discovering the most famous 
equation of all time (see below). He concluded that 
the speed of light is not only a constant, it’s the 
ultimate speed limit of the universe. 


Special relativity elegantly solved many of 
the problems of turn-of-the-century physics, 
and successfully predicted a variety of strange 
phenomena that astronomers have since observed 
and measured (see over). In the next decade, Einstein 
tackled the far harder problem of how they applied 
in situations involving acceleration. He was aided by 
his former tutor Hermann Minkowski's development 
of the concept that we now call spacetime - the idea 
that the familiar three independent dimensions of 
space and one of time are not as fixed as we think. In 
1915, Einstein finally unveiled his theory of general 
relativity: the maths was much more complicated, 
but general relativity’s central breakthrough was 
equally simple and brilliant: Einstein realised that 
being in a gravitational field was exactly the same as 
experiencing uniform acceleration, so the effects of 
gravity should mirror those of acceleration. This led 
him to conclude that the phenomenon we experience 
as gravity is in fact a distortion of spacetime itself, 
created by the presence of mass. 






Einstein's equation explained 


Einstein's investigation of the way that mass 
increases as an object attempts to accelerate near 
the speed of light (see ‘Mass increases with speed’ 
boxout) revealed this simple but elegant equation 
that lies at the heart of all modern physics. Here, 
E is a body's energy content, m its mass and c the 


speed of light, a universal constant. It can be used to 


compare a body's rest mass and energy (excluding 
energy due to motion), or its total relativistic mass 
and energy (including energy due to motion). 























The idea that mass and energy 
are interchangeable in extreme circumstances 
lies at the heart of modern physics - it explains 
the power source of stars, where nuclear fusion 
of light elements into heavier ones converts a 
small excess of mass directly into energy; and 
the origins of matter in the universe itself, where 
enormous amounts of energy released in the Big 
Bang coalesced into subatomic particles, which then 
formed atoms. 


clear hydrogen 

mb releases huge amounts 

of energy in the same process 
that powers a star: fusion 
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Time dilation 
The passage of time at different 
speeds for different objects is 
predicted by both special and general 
relativity. In special relativity, time 
runs more slowly for travellers 
moving at high, relativistic speeds, 
while general relativity shows that 
time also runs more slowly in strong 
gravitational fields. As with the 
length contraction, it's important to 
understand that both effects are real 
rather than an illusion seen only by 
external observers. 

Intriguingly, the interplay of 
relativistic and gravitational time 
dilation means that different 
spacecraft and travellers around 
Earth experience different effects. 





Syncom 3 
0.8644 


18,555 days 


One major prediction of : er 
relativity is the shortening of the 
length of an object travelling at 

close to light speed. An observer's 
perception of any object's length 
depends on the locations from which 
"i rays must leave each end, in 
order to arrive simultaneously in 

the observer's eye. If the object 1s 
moving at relativistic (very high) 


Astronauts aboard the ISS, for 
instance, are just a few hundred 
kilometres from Earth and moving 
at high speeds because of their low 
orbit, so they experience a double 
‘slowing down’ effect: by the time 
astronaut Scott Kelly reaches the end 
of his current year-long ISS mission, 
he will have aged 0.014 seconds less 
than his Earthbound twin Mark. GPS 
satellites, meanwhile, orbit more than 
20,000 kilometres (12,427 miles) up 
and therefore experience much less 
gravitational time dilation, so even 
though they are still moving at high 
speed compared to an Earthbound 
observer, they actually experience a 
faster passage of time. 


speed, then it may have move 4 


: ward significantly by the time light 


from the closer end has to leave on 
its journey, so the object will appear 


shorter. The scientists who discovered 
this phenomenon viewed it as a sort 
of illusion but Einstein showed it as a 
Teal’ effect of special relativity, while 
ski explained it as < 


Hermann Minkow 
distortion of spacetime. 


“Scientists viewed this as 
a sort of illusion” 
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Cosmos 158 


0.3504s 


17,567 days 


/ Hubble Space 
/ Telescope 


0.2086s 


9,186 days 


USA-66 
0.3461s 


8,973 days 


Stationary 


80 per cent 
speed of light 


Objects travelling 
near the speed of light 
become significantly 
shorter in the 
direction of travel 


90 per cent 
speed of light 
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Testing Einstein's universe 


Einstein himself used general relativity to finally 
solve the problem of Mercury's orbit (see ‘Mercury's 
wobbly orbit’ boxout) but it really only came to 
worldwide attention in 1919, after British astronomer 
Arthur Stanley Eddington led an expedition to the 
island of Principe off West Africa to photograph the 
stars around the Sun during a total solar eclipse. 

Eddington’s expedition aimed to demonstrate 
one of Einstein's most important predictions: 
gravitational lensing. If gravity is a distortion in 
spacetime rather than a force that only acts between 
objects with mass, then strong gravitational fields 
should affect not only the motion of massive objects, 
but also the paths of massless light rays passing 
nearby. The nearest large mass capable of creating 
a measurable effect is the Sun, but it's only during 
a solar eclipse that the stars around it, whose light 
rays are most affected, can be seen. 

Eddington’'s proof of relativity, an apparent 
shift in the position of stars close to the Sun from 
their normal positions, made headlines around 
the world. But it's only recently that astronomers 
have been able to put gravitational lensing to use 





as a tool for observing the distant universe. They 
can magnify and intensify the light from the 
most distant galaxies, and also reveal the amount 
FTaemeltieglaluia(esme)@rrtiacamle@(e)(a4celtleleme)s) ae 
responsible for the lensing effect. 

Another practical test of relativity became 
possible with the beginning of the space age in the 
Fifties, and the advent of super-accurate atomic 
clocks, which measure time using the regular 
pulsations of an atom excited by lasers. By flying 
atomic clocks on-board jet fighters or spacecraft, 
while keeping a synchronised clock on the ground, 
physicists have confirmed on many occasions that 
time flows more slowly for objects moving at high 
speeds and those within strong gravitational fields. 

The most impressive demonstrations of relativity, 
however, have come from astronomy, with the 
discovery of objects that can only be explained in 
Einstein's terms. The best known of these are the 
black holes, objects with such extreme gravity that 
nothing can escape them - not even light. A black 
hole is a singularity, a tiny point of near-infinite 
density surrounded by a ‘point of no return’, the 





Singularities 


One common way of thinking 





® 2. Safe distance 
Despite their fearsome reputation, black holes 
are not cosmic vacuum cleaners - depending 


event horizon that seals it off from the surrounding 
universe. The existence of black holes can only be 
inferred from principles of subatomic physics and 
by measuring their effect on nearby visible objects. 
But they have been confirmed as both stellar-mass 
objects a few times heavier than our Sun (formed 
by the collapsing cores of the heaviest stars) and as 
supermassive monsters with the mass of millions of 
Suns, lurking at the cores of most galaxies. General 
relativity predicts that these bizarre objects have 
an extraordinary effect on their surroundings (see 
‘Singularities’ boxout). 

Other predictions of general relativity have 
not yet been confirmed. One such effect is frame 
dragging, first proposed as a consequence of 
Einstein's theory by Austrian physicists Josef Lense 
and Hans Thirring in 1918. This effect creates small 
distortions in the spacetime around any massive 
rotating object, and several satellites have attempted 
to measure it with varying degrees of success. The 
signs are promising, however, and one intriguing 
consequence of frame dragging is that it could, 
theoretically, be used to create a time machine. 








® 3. Event horizon 


on their mass, they distort the paths of objects 


about spacetime is to imagine the 2 ‘ 
= | Suet in nearby space, but anything moving fast 
universe as a two-dimensional rubber ; sate 
enough can still escape their grasp. 


sheet with stars, planets and other Bee 
objects sitting on it and creating , 
dents. The heavier and denser an 
object is, the larger the dent it 
makes in the surrounding fabric of 
space and the greater the effect it ¥ / 7 
has on nearby objects. A singularity, 
which concentrates anything from 


Anything that ventures inside this 
roughly spherical region around the 
black hole can never escape - not even 
light. Hence the event horizon keeps the 
singularity forever hidden from sight. 














» 4. Downward spiral 










a few times the mass oftheSunto |.” 4, ~o-* Objects drawn into a 
many millions of times at a single eS a kaa | Ae : singularity are pulled 
point in space, creates a bottomless N oe "ae . —_ ; onto spiral paths rather 
pit in spacetime from which A‘ale N me like crumbs disappearing 
nothing can escape. \ : down a plughole. 
© 1. Warped space ‘ % 4 
All massive objects make distortions or ~~. 


gravitational wells in spacetime - including 
planet Earth. They can be visualised as 

dents in a two-dimensional sheet, or 
‘pinches’ in three-dimensional space. 
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G | ; = The lensing effect of 
1 ravitatio 1 , ; - ‘ Abell na i 
P : y cluster in the 

ensing | ; constellation Virgo, 





According to general relativity, the gravitational ; distorts the light from 
effect of large masses is actually a distortion of ‘ > * background galaxies, 
the spacetime around them - a gravitational well ' | , warping their images 
that deflects the path of anything passing nearby. into blue and red arcs 
Light rays passing through the distorted region are 

moving so fast that they are barely affected, but if an 

object's mass is large enough (for example a cluster 

of galaxies) or they pass very close to a smaller mass, 

then their paths may be significantly deflected. When 

these rays arrive at Earth, they produce a distorted 

image of the object, perhaps not even in the same 

part of the sky. 











The Einstein Cross in the constellation Pegasus is a 

uniquely perfect example of lensing at work. It consists 

of a central foreground galaxy surrounded by no fewer 

than four lensed images of a distant background quasar , = ™ 
(the nucleus of an active galaxy) 





As an object falls into a black hole, it 
gets pulled apart due to really strong 
tidal forces. It would be stretched out 
in a process called spaghettification 
until all its atoms are completely 
- el *. ripped apart. 
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Mercury's wobbly orbit 
Mercury's has the most elliptical . = 
orbit of any major planet in the Solar : . 
System, ranging between 46 and 70 : . 
million kilometres (28.6 and 43.5 = . 
million miles) from the Sun, What's ° EPR CR MOR wg ee 
more, its perihelion (the closest : AT Won wil, 
point to the Sun) slowly changes its . .* oh 
orientation, wobbling - or ‘precessing’ ‘ i os 
- around the Sun with a 2,258-year ‘ : 
cycle. The precession of Mercury . ‘ 
was a long-standing problem for . Sun ° . 
Newtonian physics, since while a ibe | . : 
large element of it can be accounted oo Mercury ; 
for by the gravitational pull of other e 
planets in the Solar System, a small 
but significant proportion cannot 
be explained in this way. Einstein 
demonstrated that general relativity 
eetilem:aaetiiimiemalemelliiaraias : . ° ; 
through subtle effects on the Sun's . a _ Z Orbit 3 
gravitational field, and this has o. os? -- . 
subsequently been confirmed with cat Se Peat ae .* : 
precise measurements not only of 2. 7-3 . 
Mercury's orbital precession, but also *. a 
of similar wobbles in the orbits of *. .* 

Venus and Earth itself. 


Orbit 2 


Orbit 1 
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Time travel & light speed 








Relativity describes a universe in which no object 
with mass can reach the speed of light, but space 
and time can be warped by extreme masses and 
high speeds. Two of the most fascinating questions it 
raises are: whether we can ever overcome that light- 
speed limit and whether we might be able to bend 
the rules of spacetime in order to achieve time travel. 
In a sense, special relativity makes the answer 
to both questions simple. The time dilation effect 
slows down the passage of time for objects moving 
at relativistic speeds, so if you could travel in a 
spacecraft at a large fraction of the speed of light, 
you could travel many light years while experiencing 
the passage of just a few months; from your own 
point of view, you would be travelling far faster than 
the speed of light, while an outside observer would 
see you travelling at less than the speed of light, but 
experiencing greatly slowed-down passage of time. 
What's more, when you reached your destination 
and re-established contact with Earth, you might find 


that decades had passed on Earth - in effect, you will 


have experienced one-way time travel into the future. 


This was the basis of Einstein's famous twin paradox 
- the idea that a space-travelling twin might end up 
much younger than a sibling that remained on Earth. 

Recently, researchers have suggested other ways 
of getting around the light-speed barrier without 
relying on time dilation. One of the first theories of 
this kind was the Tipler cylinder, initially proposed 
in 1974 (see ‘The Tipler cylinder’ boxout). A more 
recent concept is the Alcubierre drive suggested by 
Mexican theoretical physicist Miguel Alcubierre. 
This effectively cheats the rules of relativity with 
a spacecraft that moves at non-relativistic speeds 
relative to its surroundings, but is itself enclosed in 
a bubble of flat spacetime that is projected at faster- 
than-light speed across the universe, by warping the 
spacetime around it. 

The best-known way around the light-speed 
barrier, however, is to use a wormhole - a 


hypothetical spacetime tunnel that offers a much 
shorter path between two distant regions of 
Spacetime (see ‘Using wormholes’ boxout) and might 
also offer a way of building a time machine that 
allowed travel into the past as well as the future. 

However, time travel into the past raises huge 
questions about the relationship of cause and effect 
- it would theoretically make it possible to take 
actions in the past based to prevent future events, 
creating a paradox. For this reason and others, many 
physicists, including Stephen Hawking, doubt that it 
is possible or believe it must be limited in some way. 
The wormhole time machine may be one solution to 
this problem. 

For the moment, time machines and faster-than- 
light drives remain the province of theoretical 
physicists and science-fiction writers. But the fact 
that we can even begin to conceive of how such 
things might practically be achieved is yet another 
testament to the power of Einstein's amazing theory. 
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If they exist or could be created, 

then wormholes could offer a 
potential shortcut across the universe, 
bypassing the ultimate cosmic 
speed limit without breaking it. 
Wormholes were first identified 
as a possible consequence of 
general relativity in 1916 and 
were thought to arise naturally 
during the formation of black 
holes. The essential idea is that 
each black hole is matched by a 
corresponding energy-spewing 
white hole elsewhere in the 
universe, and because the spacetime 
of the universe as a whole is warped 
and folded by the matter within 

it, this Einstein-Rosen bridge may 
form a much shorter path between 
two distant regions. Physicists today 
understand that the rotation and 
magnetic fields of black holes make 
it very hard to form a natural stable 
wormhole, but it might still be 
possible for an advanced civilisation to 
create a stable, traversable wormhole 
using exotic matter. 





Warped universe @ 

A wormhole works as a 
shortcut because spacetime 
itself is warped and distorted, 
folding back on itself thanks 
to the concentrations of mass 
and energy within it. 
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Professor 
Ronald Mallett 


- We speak to an expert on time 
travel and general relativity 


Professor Ronald Mallett is a theoretical physicist 
at the University of Connecticut, specialising in 
general relativity, quantum gravity (the potential 
unification of relativity and quantum physics) 
and time travel. He is best known for proposing 
a machine, within the capabilities of current 
technology, that could potentially send particles 
backwards in time, described in his 2006 book 
Time Traveler: A Scientist's Personal Mission To 
Make Time Travel A Reality. 





Could you briefly describe how your proposed 
The Alcubierre drive is a hypothetical time machine would work? 
technology that warps space to achieve In Newton's theory only matter can create a 
faster-than-light travel gravitational field. By contrast, in Einstein's 

theory both light and matter can create gravity. 
By solving Einstein's gravitational field equations, 
I was able to show that a circulating beam of light 


Long Way around can cause a twisting of empty space. A simple 

beret avarice Polit of nite analogy would be with a cup of coffee. Think of 

and exit points might be many A hol ry the coffee in the cup as being like empty space 
: wormhole entrance would 5) ERS St ee Tea gee aS 

nos eht yers ecemble» ck oe ey ert te a 

satatiaaita ease 3 a vortex in the coffee. Similarly, a circulating 


light beam creates a vortex in empty space. In 
Einstein's theory space and time are linked. A 
further development of my work showed that the 
vortex in space created by the circulating light 
could lead to a vortex in time which could allow 
time travel to the past. 


field of warped spacetime. 


How close do you think you are to developing 
a working prototype? 

At this point it is not possible to estimate the 
completion of a working prototype. A feasibility 
study would first have to be done, which would 
have an estimated cost of $250,000 [£164,000]. 
The feasibility study would determine what 













Connecting passage 
A narrow spacetime tunnel 
connects the ends of the 


wormhole, normally via a technology would be needed for the actual 
singularity. In order to make experiments and the total cost - this could easily 
the tunnel traversable, exotic run into many millions of dollars. 


matter must be used to keep it 
open and avoid the singularity. 
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, Exit point 4 

The exit of a wormhole is Z 

a hypothetical white hole 2 

spewing raw matter and E 


A circulating beam of light could be used to create 
a vortex in space, allowing time travel to the past 


energy into a different 
part of the universe. 
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5 AMAZING FACTS ABOUT 








Co 


Comet 67P Churyumov/ 
Gerasimenko, as seen through 
the Rosetta spacecraft's NavCam. 
The narrow ‘neck’ of the comet 
can be clearly seen 


. 
The surface is 
It's up to 80 per cent porous (made of air pockets) 
and a lot of what's left is ice, but the surface of 
Comet 67P is still a lot warmer than the space it's 


travelling through: anything from -93 to -43 degrees 
Celsius (-135.4 to -45.4 degrees Fahrenheit). 


. ‘# | (Tt 

This is not the first 
° ae ° = P 

time it’s visited us 

As a short-period comet, 67P/Churyumov- 

Gerasimenko has regularly visited the inner Solar 

System, pinging between the orbits of Jupiter 


and Earth, then around the Sun once every six-and- 
a-half years. 


It was discovered 
by mistake 


They say the greatest discoveries are accompanied 
by ‘what's that?’ rather than ‘eureka!’ it's not quite 
one of the ‘greatest’ discoveries, but it's certainly the 
case for Comet 67P, which was first spotted by Klim 
Churyumov by accident, in a photo of a different 
comet by Svetlana Gerasimenko, in 1969. 
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It's 40 times faster 
than the fastest 
jet plane 

Comet 67P moves through space at up to 
135,000km/h (83,885mph). That’s around 40 times 


quicker than the fastest manned air-breathing jet 
plane, the Lockheed SR-17 Blackbird. 






There's a giant 
crack in it 


If Rosetta’s Philae lander, which is on Comet 67P, 
was Capable of sentient thought, it might be worried: 
the comet has a huge fissure forming in its narrow 
‘neck’, hundreds of metres long. With the 10 billion- 
ton comet losing llkg (24lb) of mass a second, it 
might be about to break in half. 
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Why study Astronomy? 


How does Astronomy affect our evervday life’? 





* The Sun provides our energy to live and ts used for timekeeping. 

* The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
. Constellations can be used for navigation. 

. Astronomy ts one of the oldest sciences. 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education's courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who ts readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 


students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 














Courses available for enrolment all year round. 
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over 70 years. 
Sherwoods are one of 
the Midlands leading 
specialists in Night 
Vision, Binoculars 
and Astronomical 
Telescopes. | 
At our new showroom now 

open at the Arden Centre Little | puppy en 
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Interview Chris Carberry 





x) INTERVIEWBIO 


Chris Carberry 
Chris Carberry is the 
executive director and 
co-founder of Explore 
Mars Inc, anon-profit 
organisation that was 
created to advance the 
goal of sending humans 
to Mars within the next 
two decades. Previously, 
Carberry was executive 
director of the Mars 
zx =~ Society. He is author of sci- 
finovel Celestial Pursuits: In 

The Hub Of The Universe. 
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All About Space caught up with Chris Carberry, the executive 


director and co-founder of Explore Mars Inc, to discuss the recent 
plans to land humans on Mars's moon, Phobos 


Why would you choose to go to Mars's moon 


This plan is just a concept. It is US policy right now to 
go to Mars and to the surface of Mars at some point 
in the 2030s. However, the Jet Propulsion Laboratory 
(JPL) came out with a plan in which they decided 
that it might be useful to have a manned precursor 
mission to Mars orbit first, and in particular go to 
Phobos and test out key technologies before using it 


literally as a stepping stone to Mars. 


What key technologies still need testing? 


When mission designers talk about the biggest 
problems in getting to Mars, the two items that keep 
cropping up are usually life-support technology to 
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Interviewed by Gemma Lavender 


keep the astronauts alive, and entry, descent and 
landing (EDL). In other words, keeping the astronauts 
breathing and making sure they don't crash. So they 
figure that by going to Phobos first they can reduce 
the risk by testing out some of the key elements, 
particularly the life-support systems. 


Why is it so complicated to land a rover or other 
Well, to appreciate the scale of the challenge, the 
largest weight we have landed on Mars was the 
Curiosity rover back in 2012, which I believe was 
around one metric ton, but when we send astronauts 
to Mars we would need to land at least 30 or 40 
metric tons. We wouldn't be able to lower them with 


a ‘sky crane’ like we did with the Curiosity rover 

and we certainly aren't landing people with airbags 
like the rovers had for bouncing into a landing. So 
we're going to have to find a way to land them softly 
with retro rockets, parachutes or some combination 
of them both. We've never done anything close to 
landing something like that on Mars, so that's the real 
challenge. What makes it particularly difficult is the 
atmosphere. If you ask any Mars scientist, they will 
tell you that Mars does not have enough atmosphere 
to be of any use in slowing a spacecraft down, but 
it’s just enough that you can't ignore it either. So it 
creates challenges and doesn't slow you down much 
either, so it doesn't have the benefits that the thick 
atmosphere of Earth has. 


We may see a Mars mission within 
our lifetime, but a Martian moon 
mission might be sooner 


Interview Chris Carberry 





Some figures suggest it would cost $1.5 trillion to put us 
on Mars, although these are from mission opponents 


BimVelbmence 
ig ate) ale)sme)t 
Deimos ane 
essentially _ 
Kelli betemarVens)icets 
with one stone” 


Going to Phobos and then Mars sounds 
expensive. Is it feasible? 

JPL designed the Phobos precursor mission under 
the assumption that NASA wouldn't get any major 
increases in budget, just increases for inflation. Under 
this assumption, the aim is to get to Mars orbit by 
2033 and land on the surface of Mars by the late- 
2030s or early-2040s. However, at Explore Mars 

we advocate speeding that process up a bit, and we 
don't think we have to assume it will be a flat budget 
with just inflationary increases. We plan for certain 
increases in NASA’‘s budget over a period of time, 
and not even permanent increases, just spikes in the 
budget, which might be able to speed it up so that 
we would be able to land on the surface of Mars by 
the mid-2030s. The spikes in the budget would be 
built into the process and scheduled to accelerate 
the building of certain pieces of hardware, like if 
they needed to complete a crew vehicle, or a transit 
vehicle, by a certain date, and the spike would allow 
that to be done on schedule. 


So how much would it cost? 

When you're talking about plans over the next 

20 years it is always challenging to get the cost 
accurate, but Explore Mars have been working with 

a number of other groups to try and determine the 
probable cost of such missions, and we've run several 
Affording Mars’ workshops which have resulted 

in the release of our ‘Humans to Mars’ report. We 
brought together most of the key experts with some 
international participation, although not a lot, as well 


as academia, to review whether we could go to Mars 
affordably, and after many discussions we agreed 
that it can be done affordably. We can't provide an 
exact amount but it isn’t going to cost remotely 
anywhere near what many of the pundits are saying. 
Even recently I have heard numbers ranging from 
half a trillion dollars to 1.5 trillion dollars, and it 
should not cost anywhere near close to that. Most of 
those numbers are thrown out there by opponents 
of going to Mars to try to scare people into not 
supporting a mission. 


Can you tell us a little bit more about the other 
work that Explore Mars does? 

Explore Mars is a US-based non-profit corporation 
that was founded in 2010, so we're relatively new. 
We're not a membership group but instead we run 
technical projects, and we've just launched two of 
them. One is called ‘ExoLance’ that is developing 
penetrator probes to try and get below the Martian 
surface to do experiments and potentially look for 
life as well. We are also doing a student project 
called ‘Time Capsule’ to Mars, where we're trying 

to send the first CubeSat to Mars and drop a tiny 
digital time capsule onto the surface. We do a lot 

of programmes like the ‘Humans to Mars’ summit, 
which is the biggest annual conference dedicated 

to human missions to Mars, and we do a lot of 
topical workshops, all to bring the space community 
together to try and build a coalition and try to solve 
some of the problems that have kept the different 
Mars groups apart over the last several years. We also 


Landing a robot on Phobos might 
require harpoons and drills, like 
those used for Rosetta‘s Philae lander 
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do science and technology education programmes 
is well. So 
Di iC Y WO! rk 


we do a wide range of activities as well as 
for r trying to. idvance the goal of getting 
humans on the surface of Mars by the mid-2030s 
Our founders, including my ee used to be with 
the Mars Society, I was actually the executive 
director of the Mars Society for a few years, and 
we are still good friends with a lot of people there, 
but we haven't collaborated much over time and | 
think it is time to interact more with them. What 
makes our organisation succeed is that we collaborate 
with a large number of different groups within 
the space community and 
related to space 


als 90 BTOUDS th. are not 


Will astronauts land on the surface of Phobos? 
Not Phobos, because it doesn't have much grav 
it would not be practical to colonise. Popular oj 


ity sO 
union 
s that Phobos and Deimos [Mars’s second moon] are 
actually an ured asteroids, so we wena use them 
for other things instead of setting up a base. First 
off, we could do Mars sample return missions from 
either moon because there is a lot of debris from 
Mars on those moons. This is because over billions 
of years Mars shot up debris from the surface thanks 
to now-dormant or extinct volcanoes, and meteorite 
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impacts, so scientists think we could find an awful 


lot of samples of Mars on the surface of Phobos and 
Deimos, using ob 
reason scienti ant to go to the 
understand asteroids. One of the discussions 
had in the USA for over a decade now is whether we 


should stop at an asteroid before going to Mars, and if 


ts to search for them. Anothe 
sts W moons is to better 


we ve 


you go to Phobos or Deimos you're ae two birds 


with one stone, because if they are asteroids you can 
learn about both Mars and about small asteroidal 
bodies by going to them. To land a robot on Phobos, 
you would need some kind of system of harpoons 
ind drills like the lander on the Rosetta probe had, 
and do a lot of thruster moves because there isn't 
enough gravity to land like you would on Mars. 


Will astronauts = to Mars directly from Phobos? 
2033 mission they would certainly not go 

to the eae of f Mars and the surface of Phobos on 
the same visit, it's not even certain they would go to 
the surface of Phobos, just into orbit around Phobos 
Based on the JPL plan it would be several years 
before they land on Mars and they wouldn't stop at 
Phobos along the way in that second mission. The 
main 
JPL folks who have talked about going to Phobos or 


For the 


goal Is to get ol 


ito the surface of Mars, and even 
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Both of Mars's moons are small 
compared to our own Moon, more 


like asteroids than natural satellites 


orbiting Mars in general, their goal is to get to the 
but we figure that we need to have at least 
along the 
test out key technologies 


surface 


one stepping stone » way to allow them to 





Will the current spacecraft orbiting Mars select 


the landing site, or will this be done closer in 
time to the landing by future orbiters? 

The current orbiters probably will be involved, 
but there will be more orbiters around Mars by 


the 2030s, almost certainly: NASA‘s next orbiter is 
scheduled to launch i 
Agency are se sate one in 2016, But they’re actual 
beginning to review potential landing sites even al 


this stage, despite landing on Mars not being likely 


1 2022, and the European Sp. 
ly 


ace 


to take place until after 2035, so over 20 years from 
now. But either the current satellites we have around 


Mars or the ones that come after will help choose 


landing site, and hopefully in the next 20 ye 


als We 


» the 


" 
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have far more advanced orbiters that can take much 


more detailed photographs and much mo 
readings of the climate and the chemical nature of 
the Martian atmosphere, which we already have 

a good sense of. It will be interesting to see what 
spacecraft we will have around Mars in advance of 
sending humans. @ 
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scientific disciplines. It is doubtful that these missions will be able NASA‘s Pioneer. 10 mission, which launched : A 
to leave the Milky Way, since they would need — .over 40 years ago, is currently making its . ; 
to reach a velocity of over'l,QO0O kilometres -<~ , way towards Aldebaran, an orange giant 
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elected asa fellowof @ an we ele ‘als Pral St ars at the centre of colourful planetary nebula, 


the Royal Astronomical are impossible to see with the naked eye 


Socetyandisakeen with the naked eye? 


stargazer and telescope 


enthusiast on All About Marie Canning , 
Space magazine Sadly not. When a star runs out of fuel that perpetuates 
— : nuclear fusion. It can ‘die’ in three ways in the form of 
——-, % a white dwarf, a black hole or neutron star. Black holes 
| don't emit light and neutron stars are too small, meaning , ; 


star. This leaves us with the white dwarfs - the endpoint 
of a red giant star that has puffed off its outer layers. You 
still won't be able to see the brightest white dwarf we 
know of with the naked eye though, since it glows dimly 
at a magnitude of +8.3 and is locked in a binary system 
with the brightest star in Earth’s night sky, Sirius A. GL 


+ that it's impossible to see either of these types of ‘dead’ 
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Could a star pass through 


our Solar System? — 


Charles Brand 


It could be possible @ekclac pass through our. Solar 


System, although: luckily not-anytime soon! Scientists 
have found that.there are some stars whose movements 
could potentially bring them close to ouf planetary . 
system within ‘the next few million-years. 

A-passing star could'cause.big problems for the Earth, 
The foreign star's ‘travity could disrupt some of the 
objects in our Solar System, potentially sendingthem 
hurtling towards our planet. It is believed that a dim star 
passed close by our planetary system, and°through the 
outer edge of the Oort cloud about 70,000 years ago. 
Although close, by astronomical standards, tHis still puts 
this star at 8 trillion kilometres (5 trillion miles) away. ZB 
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A snapshot of a tiny portion of the night 
sky reveals a huge number of stars 


Are there more 
Stars in the 
universe than 
there are grains 
of sand on Earth? 


Sean Allen 

There certainly are. The grain of sand 
analogy comes from the study of an 
image taken by the Hubble Space 
Telescope. An estimation was made 
following a series of images known as 
the ‘Deep Field’ series. These images 
saw the Hubble Space Telescope point 
at one of the darkest known patches in 
the night sky. 

Despite this tiny region of the sky 
in the constellation Fornax appearing 
empty, Hubble discovered over 10,000 
galaxies, each containing hundreds of 
billions of stars. We are fairly certain 
that this is a minimum estimate and 
that the true number of stars may be 
many times greater than this. 

Applying these stats to the rest 
of the sky gave us a number that 
exceeded a prediction of the numbet 
of grains of sand on Earth. JB 


It's thought that a red 
dwart star, known as 
Scholz's star, passed 
close to our Solar 
System 70,000 
years.ago 


so 





Spacecraft rely on atmospheric 
drag to slow their re-entry to 
Earth's atmosphere 
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Why is looking 

out into space 

the Salne aS sf SPACEEXPLORATION 


looking back Why dospacecraft re-enter 
in time? the Earth at such high speeds? 


Joseph Grady 

It's all down to the finite speed of 
light. When we look at objects - such 
as galaxies - that are at large distances 
from us, the light that we observe 
from them would have started 
travelling from these objects quite 

a long time ago. In effect, we aren't 3 pi ped Cheee Lian te soe OR Ere ate. Nets tas 
looking at what these objects look like 4 RRO] | e VES Cg aoe tj 
now but actually how they appeared L 

when their light was first emitted. 


As an example, the Sombrero Is there a location’ on Earth . | : ee . | 


Galaxy is around 29 million light years 


‘ > away. That means that were looking at where I can a) a the most stars? 





David Hughes to its motion in order to slow down gravity means that a huge amount 

A spacecraft in a low-Earth orbit enough to drop out of orbit and re-enter — of fuel would need to be used to fire 
travels at around 27000 kilometres the atmosphere of the Earth. the spacecraft’s thrusters continually 
(16,777 miles) per hour. With next to no While it is possible for a spacecraft to —_ to slow its speed. It is far easier and 
atmospheric drag on the craft it has to enter the atmosphere much slower than cheaper to allow atmospheric drag to 
fire thrusters in the opposite direction they usually do, the pull of the Earth's slow a craft down instead. SA 






aN ‘ou Bis te 











. the light we see from it when it left the 
galaxy 29 million years ago. GL john Cotton we } of town or taking a short trip into the’. Ene 7% . 
; The. best places to stargaze on Earth countryside’ can reveal much more of © -/- "|. es 
are those furthest away from sources, °° * the sky than you: can usually see from | Se Pe AeS . 
a) light pollution. There is.no single - a light-polluted region, Some of the’. se 
; best place to observe the night sky - best places to see the night sky are ..~ ae | 
you simply need to,move away from ° known.as dark sky sites --with-many of 
places like towns and cities where these dotted.around the world, you can f 
street and building lights can diminish . feast your eyes on q Variety of objects | aot 
the view. Just heading to the outskirts under a preserved night sky. JB | Head to areas free of light 
ae, | , pollution suchasdesignated . 
; | dark sky sites to take in » ~ 
* beautiful views of the night sky ~ 
We are looking at the Sombrero Galaxy 
as it appeared 29 million years ago 
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Solar System collide? 


Laura Ray 
UElioelameeliseicmoece rival ne 
developed system like ours, are rare. 
While our Solar System isn't perfectly 
stable, it’s unlikely that any of its 
planets will crash into one another 

in the near future. Any collisions 
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How are blue 
dwarfs formed? 
Harry Sandwood 

A blue dwarf is a theoretical stage in 

the stellar evolution of a red dwarf star. 
It's predicted that when the small, cool 
stars that we call red dwarfs begin to 
run out of fuel, they will transform 

into a ‘bluer’ variety of this common, 
but pint-sized star. 

Larger stars expand and cool when 
they run out of fuel but scientists have 
predicted that a star about a quarter 
of the size of the Sun or smaller 
would instead increase its surface 
temperature while staying at a fairly 
constant size. The bluer the star, the 
warmer it is and so these small, dying 
stars would turn blue. As the life span 
of a red dwarf is predicted to be longer 
than the current age of the universe, 
we have yet to see this happen. 


between planets occurred in our 
planetary system's earlier years. For 
example: our Moon was supposedly 
made by a Mars-sized world hitting a 
young Earth 4 billion years ago. 
Stable and developed planetary 
systems seem to be the norm even 


A blue dwarfis a 
theoretical stage in 

the evolution of a red 
dwarf star (pictured) 
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Qui 
questions 
@spaceanswers 
Is Saturn named after 
the day ‘Saturday’? 


No. It's named after the Roman 
god of agriculture and time. 





How long does a year 
last on Mars? 
One year on the Red Planet is 
equal to 687 Earth days. This 


Collisions occurred in the 
Solar System's early history - 
for example, when the Moon 
was made from the collision 


Detwees ayoung Earth ane makes one Martian year nearly 
a Mars-sized world se Ae ; 
twice as long as an Earth year. 
. Could black holes be 


used as a time machine? 
No, it’s not possible to use a 
black hole as a time machine. It's 
said that wormholes, theoretical 
tunnels capped with a black hole 
and white hole, can be used to 
time travel - but we have yet to 
find one. 


Can starlight tell us 

anything? 
Starlight, and even sunlight from 
our Sun, can tell us quite a lot of 
information about stars. We're able 
to find out what a particular star 
is made of, its temperature and 
even roughly how big it is. 


beyond our Solar System. The 
exoplanets that we know of don't 
seem to be prone to collisions in their 
systems and we've witnessed all kinds 
of complicated motions that stop these 
distant worlds from knocking into 
each other. GL 


What is a fireball? 
A fireball is basically a meteor that 
glows extremely brightly. Fireballs 
consist of large chunks of rock 
while meteors are often made up 
of smaller pieces. 


What is an astronomical 
unit (AU)? 

The astronomical unit is used. 

to measure relatively short 
astronomical distances such as 
those through our Solar System. 
It is equal to the average distance 
between the Sun and Earth, 
which is 150 million kilometres 
(93 million miles). 


clusters are orbiting the 

Andromeda galaxy? 
There are at least 450 globular 
clusters orbiting in and around 
our nearest spiral galaxy, 
Andromeda. Some of these 
globular clusters are among the 
most densely populated star 





clusters ever seen. 








eerie 


@spaceanswers 
Where is the Pole Star? 


Also known as Polaris, it can be 
found in the constellation of Ursa 
Minor (the Little Bear) in the 
northern hemisphere. 


Does the Pinwheel 
Galaxy have a 
supermassive black hole 
at its centre? 
We don't know for sure. It's said 
that there's a supermassive black 
hole found at the centre of most 
galaxies, but scientists have only 
found a small black hole here 


Why doesn't the Moon 

have an atmosphere? 
Our Moon does have an 
atmosphere, it’s just a very thin 
one. It's because there isn't 
enough gravity to hold onto a 
substantial atmosphere 


What did we find out 

from the first spacecraft 

observations of Jupiter? 
Aside from taking the first close- 
up pictures of the gas giant, we 
discovered a large magnetic field, 
which pointed to a fluid interior. 


Who discovered the first 
exoplanet around a Sun- 
like star? 
Astronomers Michel Mayor and 
Didier Queloz discovered the first 
exoplanet around a star like our 
Sun in 1995. It’s called 51 Pegasi b 
and is 50 light years away. 


How many craters are 

there on the visible side 

of the Moon to Earth? 
From Earth, there are over 30,000 
craters that are visible. However, 
there are many small craters we 
cannot see. 


Can moons have rings? 
Scientists haven't ruled out the 
possibility. Saturn's Rhea was 
once thought to have a tenuous 
ring system, but further images 
taken by Cassini didn't find any. 
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Which planet in our Solar 
System is most like Earth? 


Lauren Jones 
It's said that two planets in our Sola 
System, notably neighbouring worlds 


Venus and Mars, are the most like planet 


Earth. On one hand and despite its toxic 
atmosphere, Venus is most like Earth in 
terms of size, mass, average density and 
surface gravity. On the other hand, Mars 


is most like our planet in other ways - one 


Martian day is just over 24 hours and 

the Red Planet's rotational axis is tilted 
by around the same amount as Earth's. 
Perhaps a much more interesting past 
characteristic of the Red Planet is that 
Mars could once have had liquid water on 
its surface - just like Earth does now. GL 


How can I use more than 
one telescope to create the 
magnification of a ten-metre scope? 


Alfie Scotland 

This isn't possible to achieve with 
amateur telescopes. Using more than 
one scope to create the effects of a 
much larger telescope is called optical 
interferometry and it’s really not as 
simple as combining two or more 


images of the same object taken by two 


or more telescopes. 


The Keck telescopes, which are based 
in Hawaii, use optical interferometry to 
obtain deep-sky images of the universe 
and it’s quite a complicated setup. The 
Keck telescopes’ mirrors have to be able 
to adjust continually, especially with 
the rotation of the Earth, to get clear, 
high-resolution images of objects of 
Interest to astronomers. GL 


Amateur telescopes cannot be 
used for optical interferometry 


























Our planet shares 
some similarities 
with Mars and Venus 








Until Comet 67P/Churyumov- 
Gerasimenko breaks apart, the fate 
of the Rosetta spacecraft and its 
lander Philae is uncertain 





What will happen to 
Rosetta and Philae 
if Comet 67P/C-G 
splits in half? 

Jack Gibbs 

As Comet 67P/C-G makes its 

close approach of the Sun more 

of the frozen material will melt, 
weakening the comet's structure 
Should it break apart, the fate of the 
Rosetta spacecraft and the Philae 
lander is not well known. 

As the intrepid probes are bound 
by the comet's gravitational pull, 
the way in which the comet breaks 
apart will affect the subsequent 
path of the probes. If the comet 
breaks into pieces but stays roughly 
together, like loosely bound rubble, 
the gravity shouldn't be affected 
too much and both spacecraft 
should remain fairly stable. If the 
comet disintegrates and flies apart 
then that could prove to be much 
more disruptive. Ultimately, we 
aren't sure what will happen but 
with the probes in place, we will 
be able to keep a close eye on 
Comet 67P/C-G. JB 
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Any planet that 
rotates on its axis will 
experience seasons 


& 
Do exoplanets 
experience seasons? 


Ryan Williams 

Any planet that rotates around an axis 

tilted in relation to its orbit around long it takes to complete an orbit, with 

its star will experience seasons. As a those taking the longest to complete 

planet orbits its star, its tilt will cause one lap possessing longer seasons. 

some parts of the world to be more The closer a planet is to its star the 

exposed to the star's energy at certain warmer the seasons will be overall. 

times of that planet's year. The axial tilt of a planet will change 
The tilt, the time it takes a planet how distinct a world's seasons will 

to orbit its star as well as how far it is 


be. A large tilt will result in a large 
from its light source, will all affect what seasonal variation. ZB 


the seasons are like. The length of a 
planet's season is determined by how 
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From the dark side of 
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James Reef 

Either could appear brightest 
depending on where Mercury is in 
its orbit compared to the Moon and 
Mars. The apparent magnitude of 
an object is a measure of how bright 
it appears to you - defined by the 





actual or absolute brightness of the sear and the 
object and its distance from you. sisal il 

Since Mercury, Mars and the haat id 

; sal taken | in brightness 
Moon are all taking par in an is tilaen 
orbital dance around the Sun, the surface of 
distances between Mercury and the Mercury 


Moon or Mars vary greatly over the 
eo) tietwe)maliites 

When the Moon is at its closest 
approach to Mercury, it will appear 
brighter than Mars at its closest 
point, however, when the Moon is 
at its furthest, it will appear dimmer 
than Mars at its furthest point. As a 
result, they will both be very close 
in apparent brightness, but will 
alternate for the title of brightest. SA 
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PLUTO 
REVEALED 


Unprecedented close-up photos of the 
dwarf planet by the New-Horizaqns craft 


INSIDE A SPACE 
AGENCY 
' Come with us on a tour of the latest 
arm of the European Space agency 


20 GENIUS NASA 
PROJECTS 


Everything from a squid ocean 
rover to a joystick-controlled robot 


FAILED STARS & 
SUPER-JUPITERS 


Discover these strange stellar 
misfits that could determine 
| the fate of the cosmos 


TAKE ASOLAR ANALEMMA 
EXPLORERS GUIDE TO MARS _% 
LATESUMMERSTARGAZING 
SEE A METEOR SHOWER 
MANNED MISSION TO VENUS 
MAKEA SOLAR PINHOLE CAMERA 
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Solar filters 

Sheet aluminium or glass filters 

fit over the light-gathering end of 
your instrument. They allow you to 
observe the Sun's features safely by 
blocking out harmful light 
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anc L what to do 














Solar telescope 

Made in such a way that they reveal 
a specific light wavelength. While 
expensive, solar telescopes will show 
you more in the way of prominences, 
filaments and other active regions. 


Sun projector 

These feature a small telescope and 
mirror that projects an image of the 
Sun onto a white screen. If you don't 
have a telescope, then a cardboard 
Sun peOiec tor is a good alternative. 








kit you'll need 


Herschel prism 

These prisms are used for safe solar 
observation where most of the light 
from the Sun is refracted away from 
the eye. Herschel prisms cannot be 

used with reflector telescopes. 
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6 top targets you can 
see during the day 


THE SUN 
When: During the day 
Minimum optical aid: Pinhole camera 


The simplest pinhole camera should reveal 

the largest sunspots on the solar surface. More 
advanced options include attaching cameras and 
filters to telescopes to see prominences, filaments 
and flares. 


THE MOON 

When: During the day, more likely near 
sunrise and sunset 

Minimum optical aid: Unaided eye 

Whether you can see the Moon during the day 
depends on where it is on its journey around 
Earth. If it is on the dayside then it will be visible, 
most often less than half illuminated. 


VENUS 

When: Often during the day, near to sunrise 
and sunset is easiest 

Minimum optical aid: Unaided eye 

Venus is bright because it reflects a lot of 
sunlight towards Earth. It is never too far from 
the Sun in the sky, so blocking out the Sun with 
your hand can help block out some of the glare. 


SUN DOGS (PARHELIA) 

When: Late afternoon when Sun begins to set 
Minimum optical aid: Unaided eye 

If ice crystals are present high in the atmosphere 
then they can bend the light from the Sun in 
such a way that two bright spots - known as sun 
dogs - appear on either side of it. Sometimes an 
arc can join the two ‘dogs’ together. 


GREEN FLASH 

When: At sunset or sunrise 

Minimum optical aid: Unaided eye 

A rare and fleeting optical phenomenon. When 
the Sun is seen rising or setting over a flat, 
distant horizon it can appear to give off a brief 
flash of green light. In ideal conditions, an even 
rarer blue flash might be observed. 


IRIDIUM FLARE 

When: During the day 

Minimum optical aid: Unaided eye 

This is a man-made phenomenon. There are 66 
Iridium satellites orbiting around the planet and 
their shiny antennae can glint in the sunlight. 
These events are predictable, sometimes visible 
during the day and can be looked up online. 








Look out for sunspots — 











Manipulating white light allows you Kop oe gotigises cooler eaeectee fie Sun's face | 


_ One of the simplest ways to see detail on the Sun is 
to get PR iit light filter for your telescope. You can 

pick them up for around £40-£50 ($60-$80). It may | 
look like it is made out of tin foil, but it is a special 
material that blocks out most of the Sun's light. Every 
time you use the filter, check for any damage - even 
something as small as a pinhole - that would let 
through harmful unfiltered light from the Sun by 
holding it up in front of a light bulb. 

This kind of filter is not fussy about the type of 
light it blocks out - it equally reduces the intensity of 
the light across all the colours of the rainbow. This 
means your image of the Sun will appear white. 

By letting through all colours of the light - 
‘spectrum, some of the Sun's more subtle features, 
such as prominences, are likely to be lost in the 
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glare. Instead you will get a great view of the Sun's 
photosphere - the layer of the Sun from which we see 
light emanate. The photosphere is home to sunspots 
and white light solar observations should allow 

you to see them easily. Sunspots.are slightly cooler 
regions of the photosphere - they are about 3,500 


. degrees Celsius (6,332 degrees Fahrenheit), whereas 


the rest of the photosphere is about 5,500 degrees 
Celsius (9,932 degrees Fahrenheit). They are the result 
of the Sun's highly magnetic nature. Heat is brought 
to the photosphere by hot material rising from below, 
however, intense magnetic activity inhibits this 
process, leading to cooler regions - sunspots. They 
tend to come in pairs. 

A great project is to track the motion of sunspots | 
over several sunny days or weeks. You will see . 









them move from left to right (from the northern 
hemisphere) as the Sun rotates. Italian astronomer 
Galileo Galilei was able to use sunspot motion to 
determine that the Sun was rotating as early as 1612. 

Over the centuries, astronomers have also | 
discovered other rules about sunspots that you too 
might be able to discern if you observe the Sun over 
many months and years. For example, US astronomer 
Alfred Joy noticed that when you have a sunspot 
pair, the one tilted nearest to the solar equator will 
lead its partner around the Sun, while astronomers 
Richard Carrington and Gustav Sporer realised that 
sunspots also tend to migrate towards the solar 
equator over the course of-a solar cycle, starting high 
at solar minimum and tracking downwards towards 
solar maximum.. 


@ Photosphere 
- | The Sun’s.surface is visible from 
Earth due to its emission in white 
light. It sizzles at a temperature of 
around 5,500°C (9,932°F). 
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- See an invisible p 


aOjave\brceeiere beautiful solar features are reve. 


‘Unlike the white light filter, Calcium:K (Ca-K) filters 


only allow a very smail section of the light spectrum > 


through - the blue end. Filters that work in this way 
are known as ‘narrowband’, whereas the white light 
filters are called ‘broadband’. 

However, the blue aveléngtha the Ca-K filter 
lets through are close to the ultraviolet part of the 
spectrum and our eyes are not great at picking up 
detail in this region. So most astronomers attach a 
camera to the telescope to capture the detail they're 
looking for. As with most photography through 
telescopes, it pays to capture short videos and isolate 
the best frames rather than takirig still images. 

You have two options with Ca-K observation: 


either buy a specialised Ca-K telescope with the filter. 


built-in, or — P wallace attach (a) yout existing _ . 
~ setup. A Ca-K telescope will set you back at least 


£400 ($600), a filter will be more like £250 ($400). 
If you want to see the detailed Sun without using a 
camera, try. a Hydrogen-Alpha (H-Alpha) filter. 

Instead of looking at the photosphere, Ca-K filters 
allow. observers to see the region slightly above it - 
the chromosphere. In particular, they reveal details 
in the lower chromosphere which means you can 
still see some of the solar structure associated with 
sunspots. In this region, an abundance of calcium 
absorbs a lot of the sunlight from the photosphere 
below, meaning it is safe to look at..- 

Doing so might enable you to discern that sunspots 


_ have two distinct parts - an inner, dark region called 


the ombia surrounded by. a lighter region called the 
penumbra. Spots small enough that they don't have 
this umbra/penumbra structure.are known as pores. 


_Ca-K observation can also show up a unique feature _ 


on Ciiice GieReMillcom @nelnuie CRO cM nerciia@el tee which. 
surrounds the penumbra. It is warmer and brighter 
than the surrounding photosphere. 

You should be able to make out faculae; Latin for 
‘small torch’ they are brighter regions on the solar 


surface. While you can see them with white light 


filters, they are normally only discernible near the 
edge of the Sun. Ca-K observations reveal them 

all over the disc. They are associated with areas of 
intense magnetic activity and their presence makes ° 
the Sun appear slightly brighter at solar maximus. — 





Calcium-K filters block m 
only blue light through 


st visible light, allowing 
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_ Revealing the Sun's angry face 


See solar eruptions Piseneuslae energetic action on the solar surface safely with Hydrogen- Nor iliats 


‘Like Calcium-K filters, Hydrogen-Alpha (H-Alpha) 
filters are narrowband - they only let in a small 
_ subsection of the light spectrum. This time, however, 


itis the red end, meaning you can happily see 


features with your own eyes without the need for 
assistance from a camera. 

Looking at the Sun in this way means you are 
looking at the mid-chromosphere, so slightly higher 
up than in Ca-K. The Sun will appear red/orange ~ 
in colour, unlike Ca-K observations which are blue/ 
purple. As before, you can either buy a telescope with 
the filter built in or purchase a filter to attach to your 
existing telescope. As always, you should check any 
removable filters for damage by holding it up to an. 
electric light before each viewing session, to ensure 
you don't damage your eyes. 






As with the other filters, you will be able to make 
out sunspot groups, but you.should also be able to 
see solar prominences - vast loops of hot material 
arcing out from the edge of the Sun. Although they . 
will look relatively small through a telescope, in 
truth they are enormous - they can stretch over 
many thousands of kilometres, easily dwarfing the 
Earth for size. They can be quite dynamic too, often 


emerging and disappearing over the course of justa ° 


few hours, Some can persist for up to a few months at 
a time, however. 
Astronomers have noted that these prominences 


| _ come in many different shapes and sizes. Sometimes - 


they are seen as single or double arches and these 
arches can be broken at the top. In other cases 
you can have a single pillar of gas rising from the 


Sun's surface that can either be straight, faliayaemed 


. inclined. Sometimes prominences can detach from 
' the Sun completely. Be careful not to confuse large 


prominences with spicules, which are tiny jets of gas 
that appear as little wispy bits clinging to the edge 
of the Sun. 

_ Ifa prominence is erupting from the Sun in the 
direction of the Earth then you will see it with the | 
solar surface in the background. In this case it is 
called a filament and appears as a a long, dark snake- 
like structure on the disc. 

On a more active day you might also be able i. 
make out solar flares in a concentrated and rapid 
brightening of the solar surface, due to intense local 
magnetic activity. They are often seen in the vicinity 
of sunspot groups. 


Prominence 

A solar prominence is an 
unmistakably large and 
bright gaseous feature, 
often forming a loop on the 
_Sun’s surface. | 


Chromosphere 

Above the photosphere, the 

Chromosphere is the second outer 

) layer of the Sun. Due to its low 

» density and the overwhelming . 
* pees of the ryan pias 
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How to safely image the Sun 


Try your hand at getting great shots of our nearest star with our step-by-step guide 








Check filter/telescope Attach camera 

Even when using a camera rather than looking at the Sun directly, it is still / Youcan either use a webcam attached to a computer to capture short videos 

important to check your equipment for damage. This is very important if of the Sun or a DSLR camera with a T-ring to take still images. Bear in mind 
you have an external filter fixed to your telescope. Also ensure that your filter is that a DSLR will add quite a bit of weight to the end of the telescope so make sure 
securely attached and is not going to fall off as you move the ‘scope around. your tripod will still lock sturdily in place with the camera attached. 





Find the Sun Focus the telescope 
Some designated solar telescopes will have a little viewfinder window that Obviously it is important that your image is in focus. Some designated solar 
will show a bright white dot when the telescope is pointing at the Sun. You telescopes have a dial which will slightly tweak the colour of light that 
can also use the shadow of the telescope as a guide - the closer it is to the Sun the its filter lets through. Play around with this to bring out the feature you want to 
shorter its shadow will be. observe, ie sunspots or prominences. 
~~ Take your 
af image/video 
S | ety With everything 


lined up and focused it 
is time to capture your 
images. If you're using 
a DSLR, play around 
with ISO levels and a 
range of short-exposure 
times in order to gain 
the best image. With a 
npn webcam setup, use your 
30 NR computer to capture 
ae : | short ten-second videos. 
Multiple « You can use computer 
software to pull out 
the best frames to 
minimise the effect of 
atmospheric distortion. 


in the Sun 
Never look at 
the Sun without 


propereye 
protection! 
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Maybe you are going on holiday this 
summer and you're looking forward to 
just sitting on the beach doing nothing 
but soaking up the Sun, However, your 
passion for all things space makes 

you want to see the stars in the local 
area more than the Sun. What you 
may not realise though is that there 

is a jamboree of astronomy days (and 
nights) to experience while you are 
holidaying, from tourist attractions for 
all the family, to adventurous hikes to 
remote observatories. 

The two big space agencies, NASA 
and ESA, have large visitor centres with 
towering rockets, authentic spacesuits, 
Moon rocks and vast multimedia 
displays aimed at keeping young and 
old entertained. NASA has a variety 
of visitor centres all across the United 
States, including the home of space 
flight - the Kennedy Space Center at 
Cape Canaveral in Florida. In Europe, 
there's the European Space Agency's 
(ESA) Space Expo in the Netherlands 
and the French space theme park, 
Cité de l'espace (Space City), near the 
city of Toulouse. France also has the 
impressive Pic du Midi observatory, 
perched precariously on a mountain 
summit, reachable only by cable car, 


“The two big space 
agencies have large 
visitor centres wit 
towering rockets, 
Spacesuits, Moon 
rocks and vast 
Bo that are 

at keeping 


aime 
young and old 


Planning a holiday? We've picked out our top 
astronomy attractions in the USA and Europe 





but dedicated astronomers are able to 
spend the night at the observatory. 

For British amateur astronomers who 
wish to get out of their backyard but 
don't want to travel too far, there are 
dedicated dark sky parks and reserves 
in Galloway, Kielder Forest, Exmoor and 
the Brecon Beacons, where the skies 
are unbelievably dark, as light pollution 
is kept to a minimum. 

If you would rather stay indoors, 
then planetariums are popular options. 
In London there is the Peter Harrison 
Planetarium at the Royal Observatory 
Greenwich, while there are also 
planetaria in Chichester, Winchester 
and Glasgow. In the United States there 
are a number of famous planetaria, 
such as the Hayden Planetarium in 
New York, the Griffith Observatory in 
Los Angeles and the Adler Planetarium 
in Chicago. 

Wherever you end up going this 
summer, whether near or far, indoors 
or outdoors, with the family or with 
your astronomy-enthusiast friends, 
there's plenty to see and do. Here is a 
select handful of the best and most 
renowned space and astronomy-related 
breaks to be had across both the USA 


and Europe. @ 


Adler Planetarium 
Location: Chicago, USA 





Telephone number: +1 312-922-7827 


© Griffith Observatory 


Location: Los Angeles, USA 


at weekends) 
Entry fee: Free 
Telephone number: +1 213-473-0800 


© Space Center Houston 
Location: Texas, USA 


starg 
breaks 







6. Mauna Kea 


Location: Hawaii Opening hours: 9am-lOpm 

Telephone number: +1 808-961-2180 

Visit the world-famous giant telescopes, including the Keck and 

Subaru observatories, at the peak of Mauna Kea on the Big Island. A 

visitor centre can be found at 2,804 metres (9,200 feet), but altitude , 
sickness can be a problem at the summit, 4,267 metres (14,000 feet) 

above sea level 


Entry fee: Free 


Opening hours: 9:30am-4pm (4:40pm at weekends) 
Entry fee: Adults $24.95, children $19.95 


Opening hours: Midday-1Opm weekdays (JOam-1Opm 


entertained” 
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Opening hours: 1Oam-5pm (6pm weekends) 
Entry fee: Adults $23.95, seniors $21.95, children aged 


4-11 $18.95, under-fours free 
Telephone number: +1 281-244-2100 


Steven F Udvar-Hazy Center 
(Smithsonian National Air and 
Space Museum) 
Location: Virginia, USA 
Opening hours: 10am-5:30pm (6:30pm in summer) 
Entry fee: Free 
Telephone number: +1 703-572-4118 


© Green Bank Observatory 

Location: West Virginia, USA 

Opening hours: 10am-6pm (8:30am-/pm in summer 
and autumn) 

Entry fee: Adults $6, seniors $5, children 7-12 $3.50, 
under-sixes free 

Telephone number: +] 304-456-2150 
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Jodrell Bank Discovery Centre 
Location: Cheshire, UK 
Opening hours: 10am-5pm (last admission 4pm) 
Entry fee: Adults £7, children 4-16 and concessions 
£4.95, under-fours free 
Telephone number: +44 (0)1477 571766 


Kielder Observatory 
Location: Kielder Forest, Northumberland, UK 
Opening hours: until midnight 
Entry fee: Adults £15-£20, children and concessions 
£12-£18 (prices of events vary) 
Telephone number: +44 (0)191 265 5510 


Hortobagy National Park Dark Sky Park 
Location: Hungary 
Opening hours: 24 hours 
Entry fee: Free 
Telephone number: +36 52 529 920 


National Space Centre 
Location: Leicester, UK 
Opening hours: 10am-4pm (Spm at weekends) 
Entry fee: Adults £13, children 5-16 and concessions 
£1l, under-fives free 
Telephone number: +44 (0)116 258 2111 


Herschel Museum of Astronomy 
Location: Bath, UK 
Opening hours: Ipm-5pm (llam-Spm at weekends) 
Entry fee: Adults £6, students £3.50, concessions 
£5.50, children £3 
Telephone number: +44 (0)1225 446865 
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“The first UK location to be awarded 
Dark Sky Park status. If you want 
the darkest skies, then pack your _ 
telescopes up and head to Galloway” 
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Please note that this chart is 
intended for midnight mid-month 
and set for 45° latitude north or 
south respectively. 


Ol Hold the chart above your 
= head with the bottom of the 
page in front of you. 


OQ? Face south and notice 
= that north on the chart is 
behind you. 


The constellations on the 
= chart should now match 


what you see in the sky. 


Open Star Cluster M11'The 
"Wild Duck’ » ) 


Globular Cluster The Large 
47 Tucanae MagellanicCloud = «© 
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CCD image of part of- -_ 


| the California Nebula 
| | : (NGC 1499), an emission nebula in the 
| constellation Perseus. This subject 
. has always been a favourite due to its 
. | cloud-Jike structure that’s full of depth 





and highlights. I love the secondary 
: Send your astronomy photos and pictures | nebulosity rising from the main cloud.” 
of you with your telescope to photos@ “2 


-Spaceanswets.com and we'll showcase 





the best every issue . 
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Astronomy 


FOR MORE ON ASTRONOMY, CHECK OUT THE 













) ~<a for Beginners’ : 
Astronomy , 
for Beginners 





AVAILABLE FROM ALL GOOD WE WSAGENTS & SUPERMARKETS, 


OR ONLINE AT WWW.IMAGINESHOP.CO.UK 


The California nebula is so-named 
because it resembles the US State 
in long-exposure photos . 
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Our Moon, shown both 
photoshopped image 


Waxing and waning in this 
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together using Photoshop. 


“Tm extremely proud of this image. 


E 
5 
E 
: 
: 
3 


Advanced VX8 

I'm very happy that they worked 
together and I managed to capture a 

lot of detail of the lunar surface: 


“This Moon image is 
at the start of December 2014 and 


then in mid-December. I merged them 


It is two separate Jy 


shots of the waxing 
and waning phase of the Moon I took 


Northamptonshire 
one of my favourites, 
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Me & My Telescope 
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Send your photos to... 
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Telescope: Coronado 
SolarMax II 60 

“This was the first light 
for the SolarMax II 60 
recently upgraded from a 


West Sussex 
solar telescope, having 





y 


’ 


4 . v 
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Personal Solar Telescope (PST). To image, I 


used a ZWO ASII20MMS camera. 





“I'm really impressed with the 


performance of the SolarMax - it has 
certainly revealed more surface detail than 


I've ever managed with the PST and it's 
great to observe and image the Sun.” 


OO 
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into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 





Twitter: N/A 


Current rig 


“I was first introduced to astronomy 
back in 1998 when I was a soldier with 
the Singapore Armed Forces. One of 
my officers set up his telescope in a 
field one night and called out to me 
to come over to take a look through 
it. 1 was shocked to learn that I was 
looking at the planet Jupiter and its 
four Galilean moons Io, Ganymede, 
Callisto and Europa. I never thought 
that I would be actually seeing a 
planet with my own eyes. | was so 
fascinated that night that the very 
next day, I purchased a Celestron 
60mm refractor - my first telescope. 
That telescope never left my side till in 
the year 2000 when my career got the 
better of me. 

“Many years later in 2013, I was 
re-introduced to astronomy when 
I chanced upon a few stargazing 
enthusiasts. | fell in love with the 
astronomy hobby all over again and, 


Gerarddyn A Dde Britto 


Location: Singapore, Southeast Asia 
Info: Astronomer for 3.5 years 


Telescope: Explore Scientific 80mm Triplet refractor, Lunt 
35mm Solar Telescope, Sky-Watcher 10" GoTo Dobsonian 
Mount: iOptron ZEQ25 

Other: Canon EOS 700D DSLR 


this time with the internet, I was able 
to reconnect and understand the 
objects that I was seeing a lot more. | 


got myself the Celestron SkyProdigy 


130 telescope in July 2013, which 
made observing the night skies a 
wonderful experience. 

“After some time, | started using my 
camera mobile handset to capture the 
Moon through my five-inch telescope 
and before I knew it, I was learning 
how to do astrophotography. I started 
out with wide-field images of the 
Milky Way. I would travel all the way 
to Malaysia as most of their lovely 
countryside has no light pollution at 
all, and our galaxy is so bright and 
luminous. After a while, I wanted to 
capture more of the night sky and 
started getting involved in deep sky, 
planetary and solar imaging. Today | 
am still learning about the wonderful 
art of astrophotography.” @ 


Gerarddyn's top three tips 


1. Join an 
astronomy group 
Astronomy groups will 
help you to understand 
the basics of astronomy 
and the fundamentals of 
astrophotography. Never 
stop asking questions! 


2. Do lots of reading 3. Be patient 
and research 

You can get plenty 

of information from 
astronomy magazines 

or books. The internet 
will also help with any 
questions you may have. 


and ready 

Initially, learning about 
astronomy is a challenge 
but never give up - every 
step is progression. Have 
all your kit checked and 
ready before going out. 


* 


“Waxing gibbous Moon 
taken through my 
Samsung mobile phone 
through the Celestron 
130 SkyProdigy in 
Singapore” 











“Preparing for deep-sky 
imaging in Mersing Town, 
Malaysia, with my like- 
minded friends” 


“Milky Way taken in 
Mersing town, Malaysia, in 
August 2014" 
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“The Triangulum Galaxy, also - 
known as M33, which was taken 
with my Ortho-Apochromatic 
telescope and CCD imager” 





Location: Las Cruces, New Mexico 

Twitter: @jefijastro 

Info: Astronomer for over 15 years 

Current rig 

Telescope: Takahashi TOA-130F 

Mount: Takahashi EM200 

Other: Quantum Scientific Imaging 540wsg CCD camera with 


Astrodon LHaRGB filters 


“Having read a book that my dad 
gave me from cover to cover 
when I was ten, I have a long love 
of astronomy. For years after, | 
simply observed the night sky with 
binoculars or a small telescope that 
our family had. I recall, when I was 
still in high school, going camping in 
the mountains with friends during the 
summer. | would take my binoculars 
out at night, point to a dense star field 
in the Milky Way and tell my friends 
to ‘take a look’. It was incredible to see 
their expressions of awe and disbelief 
when I told them that some of these 
stars are like our Sun. 

“My first real attempt at 
astrophotography was in 1996, when 
I used a 35mm SLR (film) camera 
to take photos of Comet Hyakutake. 


Armed with my camera and tripod, 

I went out into the desert in Las 
Cruces and simply experimented with 
exposures. Later, | bought myself a 
ten-inch Dobsonian for viewing, and 
within a week was taking pictures 
through the eyepiece for fun. Within 
a few more weeks, I knew | wanted to 
get serious with astroimaging and so 
| began shooting all manner of Solar 
System targets. 

“It wasn't long until I moved on to 
deep-sky objects, such as galaxies and 
nebulae, which is where my primary 
interest lies today. In recent years, | 
have been published on several space- 
based websites and in print magazines, 
too. All of my astroimages have been 
taken from my back garden, where | 
can get some fantastic results.” @ 


‘Tt was incredible to see their 
expressions when I told them 
some were like our Sun" 


Jeff's top three tips 


1. Be patient 2. Start small 

The learning curve Astronomy and 

for astronomy is fairly astrophotography as a 
steep and involves hobby isn't cheap, so you 
knowledge of hardware — should start out witha 
and software, so it’s less-expensive setup to 
important to take your learn the ropes before 
time and be patient. spending more money. 








3. Invest in a 
decent mount 
Having a quality mount 
is a must, so do your 
homework. If you have a 
setup that does not track 
well, then your efforts 
will be in vain. 
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binocular telescope 


Set your sights on the night skies with two eyes, with this 
surprisingly advanced binocular-design telescope 






Telescope 
advice 

























Cost: £799 / $999 
From: Opticron 
Type: Binocular telescope 


With an aperture of just over three 
inches, the Vixen BT81S-A has the 
observing capabilities of a small 
telescope, giving the option to gaze at 
a variety of targets from Solar System 
objects to brighter deep-sky targets, 
such as nebulae and star clusters. 

We were immediately impressed 
with its build quality, which is 
extremely sturdy and boasts resilience 
for many observing sessions. For 
the price, this binocular telescope 
doesn't come with much in the way of 
accessories. Buyers are supplied with 
two high-quality 25mm Vixen NLV- 
series eyepieces to get them started 
with touring the night sky, but, what's 
really needed - due to its 4.1-kilogram 
(nine-pound) weight - is a tripod for 
steady viewing. This essential piece 


of kit, along with a finderscope, needs 
to be purchased separately to get 
the most out of the BT81S-A. Thanks 
to the presence of a versatile Vixen 
dovetail fitting, the binocular telescope 
can accept either an equatorial or an 
alt-azimuth mount. We also noted 
the carry handle, found at the top 
of the binocular telescope barrels, 
which improved the instrument's 
portability, allowing us to transport it 
to a wide variety of dark site locations. 
It proved to be invaluable for attaching 
the BT81S-A to a tripod as well as 
unpacking and packing the device up. 
Attaching the binocular telescope to 
an in-house equatorial mount, it wasn't 
long before we were comfortably 
touring the night sky. Added comfort 
came from the 45-degree angle of the 


versatile 1.25" eyepiece holders, which 
are orientated in such a way that we 
didn't need to stoop as you would 
with a telescope, in order to study 

the night sky. The eyepiece holders 
employ a push-fit mechanism with a 
holding screw to keep the eyepieces 
secure. Given the excellent design of 
this device, we did expect more in the 
way of holding the eyepieces in place 
but since they were secure, with no 
slippage or wobbling, this is really just 
a minor point. 

The BT81S-A provides a wide field of 
view of about 3.5 degrees when used 
with a pair of 40mm eyepieces, which 
we plugged into the eyepiece holders. 
Given the generosity of the field of 
view, we got stuck into observing the 
Beehive Cluster (M44), also known 


Thanks to a magnesium fluoride 
coating on the lenses, chromatic 
aberration - also known as colour- 
fringing - was kept to aminimum 
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“The Vixen BT81S-A is more 
Suited to deep-sky objects 
like bright galaxies’ 





as Praesepe, which impressively 
stretched across our field of view with 
its member stars appearing as steady 
points of light. The Great Cluster in 
Hercules (M13) appeared as a ball of 
cotton wool, with a very slight hint of 
resolved stars. At the time, viewing 
conditions were not favourable during 
our initial review of the BT81S-A as 
thick clouds took over the night sky. 
Another opportunity arrived soon 
enough and what we saw as soon 
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as we put our eyes to the eyepieces 
was beyond spectacular. The Moon 
fitted comfortably in our field of 
view, clear and crisp through 1Omm 
eyepieces with no sign of chromatic 
aberration (colour-fringing) thanks to 
a magnesium fluoride lens coating. 
Craters, lunar seas and the rugged 
surface were in superb high resolution. 

Moving to Venus, we picked up an 
obvious phase before heading over to 
Jupiter to see if the telescope could 
pick out any detail on the gas giant. 
We weren't disappointed: we could just 
about make out Jupiter's belts and the 
four tiny points of light that were the 
Galilean moons Io, Europa, Ganymede 
and Callisto. The more we toured the 
May and June night skies, the more we 
appreciated that the BT81S-A is more 
suited to wide-field deep-sky objects 
such as bright galaxies, star clusters 
and double stars, which were cleanly 
split into their components. Solar 
System targets turned out well but, 
given that they only appeared as very 
small discs, we enjoyed our deep-sky 
views much more. When it came to 
looking at brighter stars, we did detect 
a degree of internal reflections that led 
to ghosting. 

Overall, we are very impressed 
with the BT81S-A, however, we 
would say that it is more geared 
towards astronomers who have been 
stargazing for a considerable amount 
of time. Beginners to astronomy may 
find that a telescope with all of the 
essentials (tripod, starter eyepieces and 
finderscope) is more suitable but we 
can still recommend this one. @ 


Telescope advice 


ixen 


Overall, the design and build of 
the BT81S-A is of exceptional 
quality, with a high-quality finish 
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The BTS81S-A is capable of providing 
views of a wide selection of night-sky 
sights, but we enjoyed views of wide- 

field deep-sky objects the most 


Unfortunately, the 
BT81S-A doesn't 
come as a full 
package - essentials 
such as a tripod and 
finderscope are 

not included 


The BT81S-A employs 
a push-fit mechanism 
with a holding 
screw to keep 1.25" 
eyepieces secure 





Colour imagers 
for beginners 


We put two Solar System imagers suitable for novice astrophotographers to the test this month 
Celestron Skyris 132C 


e Cost: £515 / $449.95 
From: David Hinds Ltd 


Celestron NexImag 


Burst Colour 


Cost: £329 / $279.95 
From: David Hinds Ltd 
The NexImage Burst Colour 
employs a CMOS chip to provide 
images of Solar System targets. 
Given that CMOS chips can be 
regarded as noisier and less sensitive 
than a cooled CCD chip, we were 
initially dubious about the imager's 
performance. We shouldn't have 
been though, since the NexImage 
Burst performed very well and, 
given that CMOS chips are easier 
to manufacture, the entire unit is 
priced quite cheaply. 

The images we managed to 
capture of the Moon's craters and 


Winner: Celestron 
NexImage Burst Colour 


In terms of ease of use, both imagers 


performed well during their tests. 


However, despite the lower price, the 
NexImage Burst's images and general 


sensitivity outperformed the SkyRis 












lunar mare turned out well, although 
we do feel that the camera would 
have dealt with the wide brightness 
range better with a gamma function. 
Jupiter was also captured easily and 
we were able to push the frame rate 
up to 48fps (frames per second) 
with ease. A decent image of the 
gas giant's surface features was 
achieved, with no noise or artefacts 
(such as ‘ghosting’) in the image. 
The NexImage Burst is easy to 
set up and provides excellent image 
quality - the perfect combination for 
novice astronomers on a budget. 


Despite its small size, the Skyris 132C 
packs a punch when it comes to 
imaging the Solar System and we are 
impressed with its high-resolution 
performance on Venus, Jupiter and 
surface features on the Moon when 
we put it to the test. 

Compared to the other Skyris 
imagers available, the 132C is the 
cheapest, meaning that it’s well within 
the price range of many budding 
astrophotographers. Making the Moon 
our first target, we achieved a smooth 
result of its rugged surface over a 
large area before moving over to the 
king of the Solar System. With Jupiter 
in our sights, we quickly realised the 


imager's sensitivity, which allowed us 
to shoot the planet with very short 
exposure times. Processing our image 
later in the supplied RegiStax, we 
noted good quality details - namely 
the belts - on the Jovian planet. We 
did attempt to push the fps (frames 
per second) speed past 15fps but 
quickly found ‘ghosting’ visible close 
to the gas giant's limbs, forcing us to 
reduce the rate. 

The build of the SkyRis 132C is 
excellent and, with a decent amount 
of bang per buck, this imager is 
certainly a good choice for any 
beginner looking to start imaging our 
Solar System. 


132C. The NexImage Burst's build and 
design as well as the fact that it could 
be pushed to faster frames per second 
without the expense of lowering the 

image quality, meant that this imager 
gets our vote. 
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‘vixen NIA 

NLV series 
Cost: £119-£139 / $139-149.95 each 
From: Opticron 
sWolenee)slac: ime lslemae)(elelmcaneiece)y| 
of the Vixen NLV are exquisite, with 
observations that match the high 
quality. Sights across the field of view 
are good, with over 80 per cent being 
clear and crisp due to the high-grade 
fully multi-coated Lanthanum glass. 

Clearly, thought has gone into 
the build of these eyepieces, with 
convenient twist-up eyecups with 
rubber casing to make viewing 
@ejstiearle)(omeveleliaeirl himenla 
chunkiness of the Vixen NLV series 
means that they're easy to grasp and, 
should you drop one, you don't have 
to worry too much about it breaking: 
these eyepieces are extremely robust 
and promise to last. 

We have to say that for those that 
wear glasses, the NLV series’ eye 
relief may not be sufficient enough. 
But this is really a minor flaw in 
these eyepieces and it's great to see 
that Vixen has kept up the beautiful 
quality that it is famous for. @ 
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THE FATAL FRONTIER 


TO CATCH 


2 T-Shirt 

Mars Attracts 
Cost: £25.95 (approx $40) 

From: Dirty Velvet 

From a subversive t-shirt designer that 
prides itself on poking fun at popular 
culture comes this brand-new print. 
It's titled ‘Mars Attracts’ and the sub- 
heading will appeal to anyone who 
has an opinion on sending people to 
Mars in the future: "The perfect place 
to start a new life. Warning - Cosmic 
Radiation, Hostile Terrain, Violent 
Dust Storms, One Way Only.” 

We like to think the guys at Dirty 
Velvet were inspired by the dubious 
goal of the Mars One mission to 
establish a human colony on the Red 
Planet by 2027. Or perhaps by the 
thousands of people who applied 
for the one-way trip with a high 
probability of an unpleasant death. 

The weave is a rugged and 100 
per cent organic cotton. It's pricey 
but hard-wearing, so while we can't 
guarantee it will last you until the first 
humans set foot on Mars, you should 
get several summers of appreciation 
from fellow space geeks out of it. @ 
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stargazing gear, accessories, games 
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Science But Not As We 
Know It 


Cost: £9.99 (approx $15) 

From: Dorling Kindersley 

If you're baffled by the latest scientific 
breakthroughs, then be confused no 
more: Ben Gilliland helps you get to 
grips with the difficult concepts that 
govern our universe. 

From giving you an idea of how 
we measure the size of the universe 
through to how black holes work, 
Gilliland relates everything to 
everyday scenarios that we are 
familiar with, We particularly liked 
how personalities were given to 
particles and forces that can be 
found in the cosmos, a nice touch 
that engages the reader and makes 
understanding what can be an 
impenetrable topic, more palatable. 

A few mistakes in the text and some 
of the illustrations (which are for the 
best part superb) let this great book 
down. For example, the Large Hadron 
Collider (LHC) is just represented by 
a series of lines that doesn't do this 
impressive structure justice. @ 


and books for 


astronomers and 
space fans alike 










“tee Images 

Cost: Free 

From: iTunes & Google Play 

If you're already a fan of the images 
produced by NASA's fleet of telescopes 
(and who isn't?), then you'll love 

this app brought to you by NASA's 

Jet Propulsion Laboratory (JPL). 
Downloadable on iTunes and Google 
Play, Space Images works with NASA's 
newly launched website of the same 
name, to allow you to discover the 
latest science images as well as videos 
of a selection of stars, galaxies and 
planets. You can also learn more about 
new discoveries and share images on 
Twitter and Facebook. 

Overall, the app runs smoothly on 
iOS, particularly on an iPad but we 
did find that the videos struggled on 
iPhone (we tested it on an iPhone 5), 
with stuttering and slow load times. 
Other than that, we don't have any 
grievances with the app and we have 
made use of being able to rate and 
save an image as our iPad background 
- something fans of the beauty of 
space images will make use of. @ 
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Peer deeper into. the universe - with both eyes - in our latest competition 
Vixen BTS1S-A 

Binocular Telescope 

Cost: £799 / $1,400 

Take in the cosmos with both eyes with the 

Vixen BT81S-A, a binocular telescope that 

features air-space double objective lenses to 

provide you with pleasant views of a wide 
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*Vixen NLVe 
Cost: £119-$139 / $ 
With their "th ush 
aluminium finish, twistup ef 2 
‘dnd high-grade, fully mu 'i-coated 
Lanthanum glass (for ince 
bright high-contrast views of a 
selection of night-sky targets), the 
Vixen NLV series of eyepieces are 
the perfect companion to take in 


superb views of a variety of targets. 
They feature a seven-element design 
Come) conta (Cm i Teleyer-le-|) (cl ashes i 











Cost: £39-£49 / $60-$80 each 

The Vixen’s NPL series deliver bright, sharp views 
with high contrast and very good colour correction, 
making them stand out from your standard Plossl 
eyepieces supplied with the majority of telescopes. 
The threaded barrels accept all 1.25” filters and 
feature a ‘safety undercut’, to prevent the eyepiece 
from falling out of the focuser. 





To be in with the chance of winning, — 
all you have to do is answer this question: 





A: Alpha Centauri 
B: Sirius 

C: Vega 

alco meelinelowele 
spaceanswers.com/competitions Courtesy of 
Visit the website for full terms and conditions ooticron 


and 


Cost: £8.99 / $19.95 

Providing a comprehensive guide to the 
very best night-sky objects for binocular 
observation, this book by astronomers 
Robin Scagell and David Frydman is 
ideal for those just breaking into touring 
the heavens. Philip's Stargazing With 
Binoculars gives practical help for setting 
up and using binoculars of any size, 
pinpointing the best targets to turn your 
gaze to whether you're in a light-polluted 
town or under dark skies in the country. 


Porco was awarded the 
Carl Sagan Medal in 
2010 for Excellence in 
the Communication of 
Science to the Public 
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Porco 


The scientist who brought the majesty 
of Saturn's rings to Earth 


Born in 1953, Carolyn Porco grew up in 
the excitement and exuberance of the 
Sixties. It was a time when reaching 
and exploring the expanses of space 
no longer belonged to science fiction 
but reality, and Porco was swept up 
entirely by the possibilities of the 
skies above. Ever since she was young 
Porco wondered about the potential of 
human exploration beyond the planet. 
As she aged this fascination 
encouraged Porco to question the 
nature of existence, and she delved 
into Buddhism, embarking on several 
pilgrimages. During this period of 
adolescent contemplation Porco found 
herself constantly wondering what 
was ‘out there’, and she found herself 
fascinated by planets and galaxies, 
where she believed the answer lay. 
Eager to learn more, Porco attended 
the State University of New York 
at Stony Brook and earned a BS in 
physics and astronomy, she then 
went on to achieve a PhD in planetary 
sciences at the California Institute of 
Technology. She managed to secure 
a job analysing data from the two 
Voyager spacecraft and it was here 
that she began to shine. Porco had a 
talent for noticing important things 
that others would miss, although 
she was only a young, inexperienced 
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scientist at the time, she was the first 
to connect the dark spokes on Saturn's 
rings to the planet's magnetic field. 

Porco’s unique perspective and 
exuberant personality served her well. 
The world of space science was one 
dominated by men and she knew that 
any weakness she showed would be 
exploited, Out of 178 scientists working 
on Voyager, only seven were female. 
Partly thanks to growing up with four 
brothers and her own sheer force of 
will, she managed to not only hold her 
own but became one of the shining 
stars of the Voyager missions. 

In 1990, Porco managed to beat 
older and more senior astronomers 
to become the leader of the imaging 
team for the Cassini-Huygens mission. 
This mission saw an unmanned 
spacecraft sent to Saturn to study the 
planet and its satellites. The mission 
was a success and Porco threw herself 
completely into her new role, playing 
a major part in discovering seven of 
Saturn's moons, as well as several 
new rings. Porco also led her team to 
discover the first hydrocarbon lake in 
the south polar region of Titan, and 
they also glimpsed what may have 
been geysers erupting from Enceladus, 
one of Saturn's moons. Under Porco's 
leadership, the Cassini-Huygens 





mission has pushed the boundaries 
of what we understand about Saturn, 
as well as the outer Solar System as 
a whole. Although her feet were still 
firmly fixed on the ground, Porco's 
work on Cassini-Huygens finally 
allowed her mind to explore the 
expanses and potential of space. 
With her enterprising and 
tenacious attitude, Porco and her 
work achieved the recognition that 
they deserved from her peers as she 
received international renown as an 
accomplished scientist. Her expertise 
led her to become a key advisor on 
the 1997 film Contact, an adaptation 
of Carl Sagan's 1985 science fiction 
novel, and more recently she was a 
consultant on the 2009 movie Star 
Trek. Porco has also made several TV 
and public speaking appearances, 
including PopTech 2005, and gave 
TED talks in 2007 and 2009, Her 
passion for the wonders of astronomy 
are apparent in all her speeches and 
interviews, and when asked about 
the possibilities of humans colonising 
other planets, she said, “Dogs don't 
seem to do it, giraffes don't do it, 
fish don't do it, but humans do. It’s 
what wee made of. We explore 
because exploring must convey an 
evolutionary advantage to us.” 
Although the Cassini mission is 
still ongoing, when it comes to an 
end Porco's explorations of space will 
not. She is currently a member of the 
imaging team for the New Horizons 
mission, where her sights will be set 
even further afield towards Pluto and 
the Kuiper belt. @ 
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Photographer Andrius Aleksandravicius expresses the 
full potential of his creativity —and so can you. Turn your 
ideas into great images with the advanced technology 
of the D5500. Get inspired by Andrius’ full story and 
take your photography to the next level with the D5500. 
Visit europe-nikon.com/iamdifferent At the heart of the image 
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TELESCOPE 


Nexstar’ 
EVOLUTION 


The first ever Schmidt-Cassegrain 
Telescope with fully integrated WiFi 








Now you can leave your hand control 

behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8” or 9.25” SCT. 
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Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


www.celestron.uk.com 
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